| NOVEMBER-DECEMBER-1958 
| VOLUME 1X 
NUMBER 6 


journal of 


DUSTRIAL 
EERING 


| ABSTRACT FORMULATION OF DATA PROCESSING PROBLEMS 
TRADE UNIONS AND THE PHILOSOPHY OF WAGE INCENTIVE SYSTEMS 
479 
TRAINING PRACTICING INDUSTRIAL ENGINEERS IN| MATHEMATICAL 
| TECHNIQUES—A CASE HISTORY 
WHY DO UNIONS OPPOSE MANAGEMENT DETERMINED PERFORMANCE 
STANDARDS? 
FILES IN A PRODUCTION CONTROL SYSTEM 
A MATHEMATICAL METHOD OF EQUIPMENT LOCATION 
HUMAN ENGINEERING 
DETERMINATION OF OPTIMUM SIZES AND ECONOMIC FEASIBILITY OF 
SHIPPING CONTAINERS USING OPERATIONS ANALYSIS TECH- 
NIQUES 
STANDARDS FOR READING AND OTHER FORMS OF EYE ACTIVITY 
TENTH ANNUAL CONFERENCE ANNOUNCEMENT 526 
PRESIDENT’S MESSAGE 
| INSTIPUTE INTERESTS ....., 534 
REGENT READABLES ......... 543 
| INDEX TO VOLUME IX ........ 549 


OFFICIAL PUBLICATION OF THE AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS, INC. 


bl 
“4 
Fa 

| 


AMERICAN INSTITUTE OF 
INDUSTRIAL ENGINEERS, INC. 


NATIONAL OFFICERS, 1958-1959 


Premdent 


Georce H. Gusrat 
Kodak Park Works 
Rochester 4, New York 


First Vice President 


Frank J. JoHNsON 
863 Wellesicy Drive, N.W. 
Atlanta, Georgia 


Vice Presidents 


NorTHEAsT Recion 


J. VALLeTTE 
CBS-Hytron 
Danvers, Massachusetts 


SouTHEAST REGION 
Daviw G. 


315 James Boulevard 
Signa! Mountain, Tennessee 


CrenTRAL Recion 


De_mar W. Karcer 
The Magnavox Company 
Fort Wayne, Indiana 


SoutH west Recion 
J.T. Evrop 


University of Houston 
Houston 4, Texas 


Mipwest Recion 


Lee S. Wuirson 
3042 Snelling Avenue, South 
Minneapolis 6, Minnesota 


West Recion 


Jack F. Jenicno 
United Air Lines 
Chicago 38, Illinois 


Treasurer 


W. Uppecrarr 
4424 Seventh Street, 5. W. 
Canton 10, Ohic 


Executive Secretary 


J, Trrier 

AIIE National Headquarters 
145 North High Street 
Columbus 15, Ohio 


Board Member-at-Large 


Warren E. 
United Air Lines 
Chicago 38, Illinois 


F. F. Groseciose 
Georgia Institute of Technology 
Atlanta, Georgia 


James D. 
P. O. Box 71 
Livermore, California 


Avex W. Ratue 
165 Westchester Avenue 
Thornwood, New York 


Past Presidents 
Gorpon B. Carson (10) 


Howarp P. Emerson (9) 


E. L. Stacie (8) 


Joun D. Coteman (4) 
Rosert E. (3) 
Dwicut D. Garpner (2) 
Exvpon D. Raney (1) 


Founder 
Wrttys G. Stanton 


i 


INDUSTRIAL 
ENGINEERING 


OFFICIAL PUBLICATION OF THE AMERICAN 
INSTITUTE OF INDUSTRIAL ENGINEERS, INC. 


Published Bi-monthly « ATIE Headquarters and Publicafion Offices, 145 
hae North High Street, Columbus 15, Ohio ¢ Editorial Office—A. French Build- 4 


ing, 225 North Avenue, N.W., Atlanta 1), Georgia 


4 


EDITORIAL BOARD 


F. F. Groseciose, Chairman 
Georgia Institute of Technology 


EDITORIAL STAFF 
Editor-in-C hief 


Ropert N. LEHRER 
The Technological Institute 


Northwestern University 


Witson J. BenTLey 
Oklahoma State University 


Associate Editors Pui CARROLL 
Professional Engineer 
Newson K. Rocers 


Pan-Atlantic Steamship Corporation Haron O. Davipson 


Georgia Institute of Technology 
G. JoHNSON 


Georgia Institute of Technology Danie. J. Durry 


Polytechnic Institute of Brooklyn 


Howarp P. EMERSON 
University of Tennessee 


Ropert M. EASTMAN 


University of Missouri 


Advertising Manager 
Rocers M. AKErRs 
Kaiser Steel Corporation 
Recent Readables Editor 


Georce L. ANTON 
Ethy! Corporation 


Herpert J. GROELINGER 
The Service Bureau Corporation 


Auan J. Levy 


bi 
Business Manager Columbian Bronze Corporation 


Jack R. WALKER 
Georgia Institute of Technology 


DonaLp G. MALCOLM 
Booz, Allen and Hamilton 


Ropert H. Roy 


Circulation Manager The Johns Hopkins University 


Tee H. Hrerr M. E. SALvpson 
Georgia Institute of Technology Center for Advanced Management 


Copyright 1958 by The American Institute of Industrial Engineers, Inc. Reprint permission available 
trom the Editerial Offices. 
AIILE accepte no responsibility in connection with any lisbility which might develop as « result of 
articles published, for the opinions expressed are those of the autbors and not necessarily represent 
the Institute. 
Subscription Prices: $10.00, one year; $17.00, two years (National Conference Proceedings lesue 
Included). 

lesue Price: National Conference Proceedings Issue $5.00, members; $7.00, non-members; 
other iseuwes $2.50. 
All Manuscripts for review should be submitted with drawings suitable for reproduction to the 
Editor-in-Chief, Journal of Industrial Engineering, A. French Building, 225 North Avenue, N.W., 
Atlanta 15, Georgia. 
Advertising Rates evailable from the Advertising Manager or any Editorial Board member. Send copy 
and cuts to the Advertising Manager, A. French Building, 225 North Avenue, N.W., Atianta 15, Georgia. 
Membership Information available from ALLE Headquarters. 
Change of Address notification should be submitted to AITE Headquarters Office, 145 N. High 5t., 
Columbus 15, Ohio. 
> All iseves of the Journal of Industrial E are now available on microfilm te subscribers 
through University Microfilms, 313 N. First Street, Aan Arbor, Michigan. 


Entered as second-class matter at Columbus, Obio, with additions! entry at Menasha, Wisconsin. 


= 
— 
D. G. (7) 
F. F. Groseciose (6) 
M. A. Payne (5) 


Abstract Formulation of Data 
Processing Problems 


by JOHN W. YOUNG, JR., and HENRY K. KENT 


Advanced Systems Research Section, Product Specifications Department, The National Cash Register Company 


| HERE are three stages in the application of high 
speed digital computers to data processing problems: 

1. Svstems Analvem the task of determining what is to be done 
2? Programming—a statement of how it is to be done 
Coding —a translation of this statement into machine lan- 


guage 

A wide variety of automatie coding techniques have 
been developed This paper presents a first step in the 
direction of automatic programming as well as a tool 
which should be useful in systems analysis. 

Since we may be called upon to evaluate different 
computers or to find alternate ways of organizing cur- 
rent svstenmis, it is necessary to have some means of pre- 
cisely stating a data processing problem independently 
of mechanization 

The notation presented here provides such a precise 
and abstract wav of speeifving the informational and 
time characteristics of a data processing problem and 
should enable the analyst to organize the problem around 
anv. piece of hardware. This notation could be used in 
the input to a new type of automatic programming sys- 
tem in which a problem is stated not only independently 
of machine, but without specifying the structure of files 
or sequence of operations where such specification is not 
needed for logical correctness. Further, the application 
of a graphieal version of the notational system will show 
the relationships among information in input and output 
so that redundancies can be elimimated and alternative 
wavs of pre essing stuched. 

The context of our analysis is that the objectives of 
the data processing system have been stated in terms of 
the required outputs; these outputs are not considered 
as subject to revision. On the other hand, although the 
inputs may be organized in any desired fashion it appears 
necessary or at least convenient to state one of the possi- 
ble input organizations from which any equivalent one 
‘an be derived. It should be noted that the input may 
supply any one of a number of equivalent pieces of in- 
formation, e.g., either customer name to be copied di- 
reetly onto an output or an identification number from 


which the name can be looked up. 
BASIC COMPONENTS OF DATA PROCESSING PROBLEMS 


A data processing problem can be described in terms 
of four kinds of basic components: 
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1. Information sets 

2. Documents 

3. Relationships 

4. Operational requirements 


INFORMATION SETS 

An information set which we call P,; is a list of all pos- 
sible items belonging to the same class. From the items 
in these lists are drawn the data which will flow through 
the system. The members of an information set may be 
considered as all the possible entries which could be 
made in a specified blank on a document. Examples of 
information sets are customers’ names and addresses, 
part numbers, unit prices, dates, invoice numbers, ete. 
Whether an information set or a collection of related 
information sets exists in the system as a file will depend 
on the ultimate mechanization of the problem. As far as 
an abstract statement of this phase of problem is con- 
cerned, it is necessary to state only the information sets 
and their relationships. Governed by these relationships 
the analyst is then free to choose whatever file structure 
will make the over-all system most efficient. 


DOCUMENTS 

A document, which we call D,, is a collection of re- 
lated information items, D,, where & is the number of 
the items on the jth document. Documents are either in- 
puts or outputs; examples are shipping notice, invoice, 
daily sales report, ete. 


RELATIONSHIPS 

The third element which must be described is the set 
of relationships among the information sets, the docu- 
ments, and the items on the documents. A relationship 
between information sets specifies the correspondence 
between the items in one set and the items in some other 
set. For example, relationships exist between the cor- 
responding items of the set of customers’ names and cus- 
tomers’ numbers, salesman’s names and customers, day- 
month-year’s and dates, etc. 

The relationship which shows how an item on an out- 
put document is derived, or from where it is taken if it 
is simply copied from another document, is called the 
defining relationship. In addition, there are producing 
relationships which define under what stimuli the docu- 
ments or certain items on the documents are produced, 
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and conditional relationships which specify under what 
conditions any of the foregoing apply. 


OPERATIONAL REQUIREMENTS 

The final element in a data processing problem is the 
set of operational requirements of the system. These are 
the requirements which are not related to the logic of the 
problem, such as the volume of input documents per day, 
the number of copies of outputs, the size or color of the 
documents, the elapsed time between the receipt of an 
input and the production of an output, ete. 


ABSTRACT STATEMENT OF A PROBLEM 


An abstract statement of a problem can be made by 
preparing two lists: one of the information sets and the 
other of the documents. 

The list of information sets presents the name of each 
set along with certain data about the number of items in 
each set, the number of characters required for each 
item, and the qualitative and quantitative relationships 
among sets. The list of documents presents for each docu- 
ment the items on the document and the information set 
each item belongs to. It also lists the defining and pro- 
ducing relationships for each item on the documents as 
well as the operational requirements associated with the 
documents. 

Thus the output documents are completely specified 
in terms of the transformations which are applied to the 
inputs. At the same time, the relationships among the 
information sets enable logical substitutions to be made 
in the input to achieve the same output. 

In order to describe the notation and its properties, we 
will proceed by means of an illustrative example. 


VERBAL STATEMENT OF PROBLEM 


Suppose that we have a manufacturer who maintains 
stock at several scattered warchouses. Sales are made 
and reported to the warehouses, which in turn make the 


shipments and at the same time send information to the 
central office for billing purposes, The central office sends 
invoices to the customers, receives payments, furnishes 
monthly statements, and prepares a daily cumulative 
sales report for management purposes. Each customer is 
served by a given salesman who in turn works out of a 
given warchouse, 

There are five documents in this system, two inputs 
(shipping notice, customer payment) and three outputs 
(invoice, monthly statement, daily cumulative sales re- 
port). 

Three hundred shipping notices are received daily and 
each has, on the average, five line items. An invoice ts 
prepared for each shipping notice. After determining 
the unit price and extended price for each line item, the 
total price per shipment is calculated. The invoice must 
be sent within two days after receipt of the. shipping 
notice. 

About two hundred payments are received daily, each 
covering on the average one invoice. The customer in- 


cludes the invoice number with the payment. 


Monthly statements are sent out between the tenth 
and the fifteenth of the month to all custemers with an 
open balance as of the tenth of the month. The invoices 
which were dated after the tenth of the previous month 
and which have not yet been paid are itemized on the 
statement. Old unpaid invoices are consolidated and 
shown only as an old balance. 

The daily sales report is produced within two days 
after the close of business. It includes the gross sales for 
the date and a breakdown by salesman of daily sales 
and cun.ulative sales for the past month. 

An abstract statement of this problem is presented in 
Table 1 (List of Information Sets) and Table 2 (List of 
Documents). A graphical representation of the informa- 
tion sets is presented in Figure 1 and a combined graphi- 
‘al representation of both the iaformation sets and docu- 
ments is presented in Figure 4. 


TABLE 1 


Information Sets 
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L Relationships 
P, Customer Id: atification No. 2000 5N Pye, Po ~P, 
Ship to code LN XP; 
P, Salesman No. 50 2N Py ~P 
P, Model No. 150 5A N Pw.X Pi 
P, Quantity ordered 2N 
P; Day 31 2N P, 
P, Month 12 2A 
P, Year 10 2N P XP KP, 
Py Customer 2000 5OA \ P, 
Py Warehouse name 10 12A P, ~ Pa ~ Py 
Pre Part No. BA/N Pym Pa XP 
Pi; Color 20 2A Pu XP is 
Py Ship to address 6000 PyomP XP; 
Py, Pricing area 8 LA PoXPu~P iu: 
Pris Invoice No. (Shipping Notice No.) Puma 
LU nit price 5N P, x Pu ~ Py; 
Pris Salesman name 5O 15A Pym P, 
n=number of elements in set 
L=number of characters (numeric —N, alphabetic—A, or alphanumeric A/V) in each element. 

Volume 
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Volume 


Producing Relationship: D, 


Vertes! Deseription 


late 


Shipping Notice No 
(‘ustomer Identifieation No. 


Ship to Code 


Salesman No 
Quantity of Order 


Nlodel No 
Line Item 


Operational Requirement 


Volume 


lime 


Ds 4 


Volu me 


D, 
Dy «| 


Producing Relationship 


TABLE 2 
Document Deacripliona 
Information Set 


Shipping Notice 


Pep 
Invoice Output 
Vertal Deseription Information Set 
Date 
Invoiwe No Pr 
Customer [Identification No. P; 
(Customer Name and Address Pre 
Ship to Address Pr 
Warehouse shipped from Py 
Quantity of order P, 
Nlodel No. P, 
Unit Price Py: 
Extended Price 
Total Price 
Line Item 
De Pep = S00 
D Pet Dy 2 dave 
Customer Input 
Verbal Deseription Information Set 
Date 
Invoice No. Pv 
(mount 
Line Item 
Dy Deg 200 
Dy 


Verbal Deseription 


Monthy Statement — Output 


Information Set 


(‘ustomer Name and Address Pro 
Date P, 
Customer's (old) balance 

Invoice No. Pre 
Date of Invoice P, 


(mount of Invoice 


Line Item 
New Balance 


P. P. 


Dy 


Defining Relationship 


Dy 


Defining Relationship 


dD, Py) 


De 
dD. 
De. te 


Defining Relationship 


Dy, ?.3 


Defining Relationship 


10 Poet Dy Pert De 
Statements are to be dated the 
10th of the month. 


dD, ( Dy P. (Dy 

Dy 

D, D, 


(statements are‘produced each month for each customer with a non-zero balance) 


Ce 


‘an invoice is included in the statement if both condition Cy, and Cy. are true) 


Special Conditions: 


Cos 


IP — = Pe De) De) > 10) 


(the invoice was dated after the LO0th of the preceding month but before the 10th of this month.) 


Cas 


De 


(a payment has not been received for the invoice) 


Operational Requirements: 


Volume: 


Time: 


November—Dece 


(the average number of statements issued per month is 500) 


D, «4 


(the average number of invoices (line items) itemized per statement is 4) 


10 Peet De < 1S 


(statements are to be produced between the 10th and the 15th of the month) 


(Continued on next page) 


The Journal of Industrial Engineering 


473 


p 
| 
1958 
= 


TABLE 2—continued 


Daily Cumulative Sales Report —D5— Output 


Verbal Descriptions 
Date 
Salesman No. 
Salesman Name 
Sales this date 
Cumulative sales this month 
Line Item 
Total gross sales this date 


Conditions: Cs.4: P:(Ds_:) #1 
Operational Requirements: 

Volume: dD; = 50 

Time: te( Dy) Ds) <2 days 


TABLE 3 
List of Symbols 


A list of all possible information belonging to the same 
class 
A specific member of the class 
A document 
A specific document belonging to the D, class 
A collection of entries on the document D, 
Line item 
Isomorphic (one to one correspondence ) 
Homomorphic (many to one correspondence ) 
Cartesian product, e.g., ?; X/, means a pair of p, and ps 
Contained in 
Produces 
Extrinsic time (real time) 
Intrinsic time, e.g., date written on document 
Function 
a Condition relating to the mth Document 
f 
Negation of C,,_., i.c., C.._. is true if and only C,._, is false 
Number of 
Average number of 
There exists 
There does not exist 


2 


3 
3 


The following format is used for the information sets: 


Name Number of Number of 
Items Characters 


(Numeric, N; 
Alphabetic, A; 
Alphanumeric, 


Customer name 2000 50 A/N Pym P; 


and address 


Salesman name 50 15A au 
In this problem, the customer’s name is always linked 
with his billing address and P,, is simply a name for the 
collection of the two thousand names and addresses in 
the system. The fifty alphanumeric characters required 
represent the maximum number for any one name and 
address. We could, if desired, also list the mean and 
standard deviation, the range, or any other statistic 
which is applicable. The other information sets are ob- 
tained by examining all of the data flowing through the 
system and simply listing the sets as they are found. In 
this problem, there are eighteen such information sets. 


RELATIONSHIPS AMONG INFORMATION SETS 
One relationship that frequently exists between sets of 
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Defining Relathonship 


Den( Der, 

dD, Dy s( 
Dy 7.3.46 


information items is a one-to-one correspondence. When- 
ever there is this one-to-one correspondence between the 
items in one set and the items in another set, we shall, 
borrowing a term from abstract algebra, call this rela- 
tionship isomorphism. This relationship holds, for exam- 
ple, between P,, (customers’ names and addresses) and 
the information set that consists of customer identifica- 
tion numbers, P,. That is, to each specific customer name 
and address corresponds exactly one customer identifica- 
tion number and vice versa. This relationship is read P,, 
isomorphic to 

If the correspondence between the items in the infor- 
mation sets is many-to-one rather than one-to-one, we 
shall call the relationship homomorphism. For example, 
there are many salesmen who work out of a given ware- 
house, so that we may say that P,, (salesman name) is 
homomorphic to P,, (warehouse name). Thus given the 
salesman, we can find the warehouse from which he 
works, but not vice versa. In other words, if ?,; is homo- 
morphic to Py then given an element of P,; we can find 
the corresponding element of Py. However, unlike iso- 
morphism, the relationship is not symmetric; given an 
element of P, there is a whole set (with one or more 
members) of elements of P; which correspond to it. — , 

Since both isomorphism and homomorphism are transi- 
tive,’ we can derive relationships which are not explicitly 


| 


Fic. 1. Graphical Representation of Information Sets 


*If a, b, and ¢ are three elements and R is a relationship, then 
R is said to be transitive if aktb and bRe together imply aRe. 
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Items Information Set 
dD, 
D, P. 
Dy 
Dy ‘ 
dD, 
Producing Relationships: 
P. 
D; 
d, 
Dir 
| | | 
| >= | 
‘ 
= 
» 


given. For example, if P,, (customer name and address) 
is homomorphic to P,, (salesman name) which in turn 
is homomorphic to P?,, (warehouse name), we can then 
say is homomorphie to P,,. 

Our graphical notation, shown in Figure 1, provides 
the simplest way to derive all of the relationships among 
the information sets. 

The double-ended arrow indicates an isomorphism be- 
tween sets and the single arrow, homomorphism. The re- 
lationships hold only in the direction of the arrows so 
that P,. whieh is isomorphic to P, is also homomorphic 
to P,, P,, and P,,. For convenience in drawing, the ar- 
rows can be connected to a line extending from the 
Squa;res. 

An item of information is sometimes the result of com- 
bining several other items: e.g., the model number is de- 
termined by the combination of part number and color, 
or expressed symbolically P, ~ P,. * Py; this is read 
P, isomorphic to P,, cross P,,. Care must be taken to 
distinguish between this so-called cartesian or cross prod- 
uct, and arithmetic multipheation, which we always de- 
note by a> or just ab. The above says that there is a 
l-to-1 relationship between the elements of P, and all 
pairs (P,., Py) Where p,. is a member of P,, (.e., a spe- 
cific part number! and p,, is a member of Py, (he. a 
particular eolor) 

Agam the customer's actual shipping address (P,,) 
(store, warehouse, ete.) is determined by the combination 
of his identification number (P,) and the ship-to code, 
10. Pre Pe X 

In the case of date (P,), we say that P, is equal to 
(rather than isomorphic to) P, P, P, (day, month 
and year) since an element of P, actually consists of the 
day, month and vear taken from P,, P, and P,. Since 
certain triplets of day, month and year do not exist, it 
would be more correct to say that P, is contained in 
(symbolized by C P; Py P,. Operationally, how- 
ever, this should be no problem since dates such as Feb. 
31, 1958 should not enter the system. 

P,., the information set consisting of invoice numbers 
and shipping notice numbers (in this problem the same 
number is used for both) must be handled in a slightly 
different manner. Since these numbers are created at the 
same time as the documents they identify, they bear a 
definite relationship to these documents. In fact, there 1s 
a one-to-one correspondence between the numbers and 
the documents so that we may say that 

Pv — 
and P,. = D, 

This implies a relationship between P,. and any of the 
information sets to which the items on the document be- 
long, viz: 

Pr P, 
where P, is any information set to which an item on the 
document belongs. In other words, given an Invoice num- 
ber we can find the specific entries on the document. 
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The following format is used for the documents: 


Name of Doeument Numb (D,) Input Output 
Verbal Inf o- mation Defining 
Items Deveniption a4 Relational ip 
Da P 


Producing Relationships: 
Special Conditions: 
Operational Requirements 
Volume: 
Time: 


For each document we record its name, number and 
whether it is an input or output document. The items D, 
are entered along with their verbal description, the infor- 
mation set to which they belong, and, for output docu- 
ments, the defining relationship, which tells from where 
the item is taken or how it is derived. If no relationship 
is shown, the item is derived directly or indirectly from 
the producing document. Whatever producing relation- 
ships and special conditions apply are listed at the bot- 
tom together with the volume and time requirements. 

One characteristic of a document ts that it contains not 
only information that appears only once but also infor- 
mation, known as line items, which may be repeated any 
number of times. The line item for the shipping notice 
(D,) is Dy. and D,.,, quantity ordered and model num- 
ber, and is distinguished by placing square brackets 
around it. A particular shipment may consist of 7 differ- 
ent models so that the line item would be repeated seven 
times, each containing a different quantity ordered and 
model number. In order to refer to a line item as a whole, 
without the necessity of repeating its elements, an item, 
D,.«, is added and used whenever reference is made to an 
operation which pertains to each of the line items. For 
convenience, the items contained in a line item are listed 
in the defining relationship column. Thus D,.. is shown 
to consist of D,., and D, - 

We distinguish between two kinds of time, extrinsic or 
E time and intrinsic or ] time. ExtrifSic time is the time 
at which an event occurs, e.g., the production of an out- 
put document, and intrinsic time is the time which is an 
information item on a document, e.g., the date written 
on the document. 

Using this symbolism we can now express elapsed time 
relationships. For example, if the invoice must be pro- 
duced within two days after the receipt of the shipping 
notice by the system, we would write: 

t.(D,) —te(D,) < 2 days. 

Absolute instead of relative time can also be expressed, 

e.g. 

10 < < 15 
implying that the day (P,) of production of D, must be 
between the 10th and 15th (of the month). Expressions 
of this kind will often be condensed from P,[t,(D,)] to 
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Fic. 2. Graphical Representation on D,, Shipping Notice 
and D,. Invoice 


just P;,(D,), since P,; is an information set consisting of 
time units. We can apply arithmetic operations to dates 
as in the specification of D,., in Table 2 where D,_, 
|(D,.,) — 1] means that we take D,_, (date), subtract 1 
from it, and look up D,_, from the D, with this date. 

The volume statements on the shipping notice state 
that the average number (indicated by the square C with 
the bar over it) of shipping notices (D,) per day (P;,) is 
300 and the average number of line items (D,..) per 
shipping notice is 5. The special symbols are used with an 
eye toward future automatic programming input. 

A graphical representation of the shipping notice and 
the invoice together with the information sets is shown 
in Figure 2. 

The items on a document are connected by a (gener- 
ally horizontal) double line and the item numbers are 
entered in a circle. By convention the circles on input 
documents are connected to their corresponding informa- 
tion sets by a line with an &rrow pointing toward the in- 
formation set. The line items are enclosed by square 
brackets. The graphical representation makes it easy to 
pick up redundant information. For example, D,., 1s a 
member of P, which in turn is homomorphic to P, - D,-., 
which is a member of P,, could therefore be derived from 
D,_, by a table look-up. In other words, it was not neces- 
sary to input the salesman’s number as it could have been 
derived from a knowledge of the customer number. Note 
also that it was not necessary to know what meaning was 
given to D,.,, D,-s, P2, and P, in order to determine this 
redundancy. 


PRODUCING RELATIONSHIPS 

We have discussed certain relationships among the in- 
formation sets; other kinds of relationship may exist 
among documents, and between documents and informa- 
tion sets. One of these relationships is that of “produces.” 
In general, a document will be produced in one of two 
ways: 

1. Periodically, once every day, week, etc. 

2. Irregularly, once for each occurrence of an input document 

or of a condition dependent on input data. 


For example, since an invoice (D,) is created for 
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every shipping notice (1),) that is received, we say that 
D,— Dz. (read D, produces D,) 

The producing relationship is concerned with the exis- 
tence rather than the content of the document involved. 
The daily sales report Is produced each day, so th: ec 
say the date produces the report; however, this does not 
tell us what is on the sales report or from where its in- 
formation is taken. In general, though, the items on an 
output document will be derived from the document 
which produced it, unless the defining relationship spe- 
cifies some other way to derive these items. 


DEFINING RELATIONSHIPS 


The defining relationship tells us the content of the 
output items. The exact specification of how this content 
is to be generated is left to the subsequent mechanization 
of the problem. Where no defining relationship is given, 
it is understood that the items are to be copied or de- 
rived from the input document that produces the output. 
These items are Copied directly from the input when both 
input and output items belong to the same information 
set. They are derived indirectly from the input when the 
input and output items belong to different but related in- 
formation sets. For example, the customer name and ad- 
dress (D..,) on the invoice (D,.) belongs to P,, (the in- 
formation set consisting of customer names and ad- 
dresses). No defining relationship is given opposite D,., 
in Table 2; thus for the derivation of D.., we must look 
to the input document (D,) which produces D,. How- 
ever, since no item in D, is a member of P,, (that is, the 
customer name and address does not appear on the ship- 
ping notice), we must find some item on D, whose in- 
formation set is related to P,,. Referring to Figure 1, we 
note that P, is isomorphic to P,, and that D,., is a mem- 
ber of P,. Thus we know that D.., can be derived from 
D,., via the relationship between P,, and P,. In other 
words, given the customer identification number on an 
invoice we can find the customer name and address for 
the corresponding invoice. Note that nothing need be 
said as to how this is done. It may be desirable to main- 
tain a file within the system and find the customer's 
names by a table look-up or this may be done manually 
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Fic. 4. Complete Graphical Representation 


outside of the system. We have merely stated the require- 
ment that it be done 

One way of symbolizing that an item in one mnforma- 
tion set is to be derived from an item in another set is by 
means of the funetion notation of mathematics. For ex- 
ample, the unit price depends upon both the model num- 
ber and the pricing area in which the item is sold so that 
D. ,, the unit price, iwhiech belongs to Pe) Is specified 
Table 2 as P,.(D.. < P,,'. This is read as P,, of Dz. 
and means that the system is to look at the 
and a particular 


cross 
combination of a model number (D, . 
pricing area (belonging to P,,) and put the corresponding 
member of P,, (unit price) in the space designated as 
on-the mvoiece. 
Note that the pricing area (P,,) may be derived in a 
number of wavs, e.g, from a member of P,, (via Py, — 
P,.). from a member of P, tvia P, —P,,), or from a 
member of P, tvia P, ~ P,,). That is, the pricing area 
can be found from either the warehouse name, the cus- 
tomer identification number, or the salesman number. 
Again, the particular choice of deriving the pricing area 
is left to the subsequent mechanization of the problem. 
The defining relationship may be a simple mathemati- 
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cal relationship between various items, e.g., the extended 
price (D,.9) is found by multiplying the quantity or- 
dered by the unit price (D,.,). Thus, is de- 
fined as D, .-D.. (read D,.. times D,,). In the graph- 
ical notation, Figure 2, this is indicated by drawing in- 
formation flow lines from D.., and D,., to a small cirele 
which contains the arithmetic operation to be performed. 
The output of this operation is then shown going to Dz. 
The fact that D, produces D, is shown by the vertical 
double line with the arrow pointing from D, to Dg. 

The defining relationships may become very complex. 
They may contain conditional statements or may in- 
volve arithmetic operations on time units. 


CONDITIONS 


Decision making ts another important part of any 
data processing problem; here we have available the help 
of symbolic logic (1). For example, the condition (,.,, 
the first condition on the fourth document, is of the form 
(p and q) or (r and s) where p, q, r. and s are equalities 
or inequalities on certain dates; A is used for “and,” and 
“V" for “or.” This condition states that the invoice was 
dated after the 10th of the preceding month but before 
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the 10th of this month. C,_, is written as: 
[Ps(D.) = Ps(D.) A PCD.) < 101 V — 1 
= P.(D.) A P(D,) > 10) 


A 


oe 


Fic. 5. Explanation of Graphical Notation 


EXPLANATION oF GRAPHICAL NOTATION (Ficure 5) 


a. This circle represents an information item on a document, 
viz., D;-:, with the document number above the line, and the item 
number within the document, below. The heavy double line 
(generally horizontal and possibly with branches) connects all 
the items on one document. 

b. Each information set, P,, is shown as a square, in this case 
Px. 

ec. An item on a document which is an element of some P, is 
connected to it; the arrow runs out of the document for an input, 
into it for an output (i.e., one may think of the flow of informa- 
tion to and from the system as following the arrows). 

d. Isomorphism (or homomorphism) between information sets 
is shown by a double (or single) headed arrow. In this case we 
are saying that Px ~ P,, with the square standing for P, having 
been extended downward by the broken vertical line. 

e. The small square brackets enclose those items making up a 
line item of a document, in this case Ds-. «seas. Note that Ds. 
is not a line item and is excluded by the bracket e,. 

{. The producing relationship is shown by a double heavy line 
with an arrow pointing to the document or line item produced, 
eg.. P, produces a line item on D,. The line runs from the ex- 
tension (the vertical broken line) of the square box representing 
P, to the bracket representing a line item on D,. 

g. The dotted line is used to connect various elements of a 
condition. 

h. The condition at A is that D,. is equal to P, (D,), repre- 
sented by condition lines from D,.. and P, with arrows to the 
condition line g. That D, is involved is shown by writing in 
(D:). 

i. This is the standard symbol for a gate and states the condi- 
tion involved, viz., Cs... The input to the gate (the flat surface) 
is connected to the item or items involved in the condition. The 
output goes to the operation affected by the condition. 

j. The summation sign indicates that D,., is equal to the sum 
of Ds-. 

k. The triaugle represents a delay equal to the time indicated 
within it. Thus yvesterday’s D,., is added to D,.. to produce today’s 

l, & kL. The dotted cross through an information transfer line 
(l,) or a sum (1) (or any other operation or production) indi- 
cates that this transfer or operation is performed if the condition 
is true. 

m. The sort notation implies that the document or line item 
must be sorted by the item indicated. 
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A bar over a condition indicates the negation of that, 
condition, i.e., C-» is true (or false) if C,,..,. is false (or 
true). The statement in a defining relationship of a caleu- 
lation involving a condition is often simplified by inter- 
preting C,,. a8 a number which is 1 if the condition ts 
true and 0 if it is false. For example, one entry on the 
monthly statement (D,) is the customer's old balance 
(D,..). This is defined as last month’s new balance for 
this customer minus payments against invoices dated 
prior to the period covered by this statement. D, , is then 
defined as: 

Thus the system is to find the new balance, D, ., on last 
month’s, P, — 1, statement for this customer, D, ,, and 
subtract from it the sum of this customer's payments, 
D,., (D,,) which do not meet the condition that the 
payments were made during the time period covered by 
this statement, C,.,, where C,., is the condition whieh 
specified the period. 

The second condition, C,.., on the monthly statement 
states that a payment has not been received for the in- 
voice; here “3” is used for “there exists” and “3” for 
“there does not exist” so that C,., 3 D,[D, .( Dz, im- 
plies that the system started with D..., and invoice num- 
ber, and found that there did not exist in the system a 
customer payment, D,, with the same invoice number 

Conditional statements may be involved in the pro- 
ducing relationship. In describing the conditions to be 
met before some action is taken, we use a vertical line to 
symbolize “if,” e.g., in saying 

D,— Caan A Cas 
or an invoice (D,) produces a line item on the statement 
(D,.,),i1f C,., and C,.. are true. 

Figure 3 illustrates this producing relationship. D, is 
shown producing the line item D,, by having the pro- 
ducing arrow run to the square bracket indicatifig the 
line item. The condition on the producing relationship is 
indicated by the X on the producing line leading to a 
gate. The input to this gate are the conditions (,., and 
C,.. The condition (C,.. is diagrammed completely show- 
ing that the input to the gate containing the “there does 
not exist” symbol is D,., and D,... 

If the condition is simple it may follow the vertical 
line itself as in 

X Pp D,| Dis KO 
or a statement, D,, is produced each month (P,) for 
every customer (P,,) who has an open balance (D,., 


~ 0). 


CONCLUSIONS 

We have shown how a simplified problem can be stated 
in pseudomathematical terms. Such a tool has many ad- 
vantages for a systems analyst. In reviewing an existing 
problem it provides the ability to insure that all of the 
input entries are used to produce outputs. By presenting 
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all of the alternative methods of deriving information, it 
facilitates making decisions on the best organization of 
the inputs. It alse helps in determining the cost of pro- 
ducing outputs, one criterion for their inclusion. For pro- 
gramming purposes, it provides an unambiguous state- 
ment of the problem to the programmer. The maximum 
number of files, record lengths, file densities, volumes, 
amount and type of computation required, ete., can be 
casily determined. The graphical presentation, which can 
be modified to suit the needs of the user (e.g., by includ- 
ing deseriptive labels), should be helpful in determining 
the best organization of files and subroutines and in pro- 
viding a cheek on redundant and superfluous information. 


Trade Unions and the Philosophy of 
Wage Incentive Systems 


by NORMAN KOBERT 


At first glance it may seem that we have made the 
problem statement more, rather than less, complicated. 
However, the statement of a problem in these terms 
clearly cannot be more complex than the problem itself. 
The cost of current data processing no longer permits 
incomplete or partial solutions, and ultimately, we would 
like the computer to solve the problem of its own best 
use. The first step toward this goal must be a statement 
of the problem which the computer can understand. 
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iS ORDER to understand the attitudes of unions to- 
wards wage incentive plans, an understanding of the 
ramifications of wage incentives and unionism’s effect 
on wages must first be derived. This understanding helps, 
then, to place the union attitude in proper perspective. 

A proper study must also not only include yesterday's 
history and today’s events, but must also account for 
tomorrow's variations from existing patterns. No one 
can feel complacent in the acceptance of today’s atti- 
tudes as the end of the evolutionary process of labor- 
management relations, even though this past century has 
seen the growth of unionism to such a degree that col- 
lective bargaining can now be termed a more equal bout 
with more or less evenly matched opponents. The march 
of tomorrow's events could alter this arrangement quite 
perceptively, and may very well herald the advent of 
stronger third parties in the form of governmental action 
and public opinion. 

The development of our society, both economic and 
social, is also necessary to be understood. When we work 
in a society as described by Veblen’s concept of “Efficient 
Production,” we must think in terms of the need for 
more goods and therefore a society of production. Perci- 
val and Paul Goodman, in their study, “Communitas,” 
visualize a society of consumption, where production is 
only a means to the end of consumption and therefore 
satisfaction in the work disappears. The workman ac- 
cordingly focuses all his demands upon suitable work 
conditions, short hours, and high wages, so that he may 
hasten away with sufficient time, wealth and energy te 
seek the goals of the consumer. Most societies tend to 
fall short of their Utopias, so that we must perform 
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our studies against the backdrop of our mixed produe- 
tion-consumption society. 

A further problem which must be considered is the 
relationship of our knowledge of individual motivation 
to a generalized statement which would include and 
represent the motivations of a large laboring group. 
Professors Thomas Ryan and Patricia Smith have stated 
this much more succinctly (15, p. 353) : 

. , the solution of the special problems of industrial motivation 
will be only a partial one until a satisfactory approach to motiva- 
tion in general has been worked out. The motivation of work 
cannot, therefore, be considered independently of other problems 
of motivation, and the industrial psychologist must . . . search 
for an adequate general theory of the initiation and control of 
activity. 

These then are some of the background considerations 
in the analysis of union attitude towards wage incentive 
systems. 


WAGE INCENTIVES AND WAGE INCENTIVE PLANS 


The basic principle behind the payment of additional 
wages for additional productivity lies in the fact that one 
of the factors of worker motivation is pay. In the past, 
monetary remuneration was thought to be the major 
motivation for having work performed. Many studies, 
from the late 1940's on, have shown that monetary 
compensation, although not a major motivation, is, at 
the very least, one of the top five reasons why men work. 

The history of wage incentives dates back as far as it 
can be shown there existed an agreement to pay an em- 
ployee for the amount of work produced. In this country, 
the earliest use of wage incentives would involve a long 
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look at the home-work system of spinning and weaving 
yarn and fabric. These early systems however are not 
comparable to present day plans, because in those days 
the employer was not interested in productivity, but 
rather in goods or services of a specified quality being de- 
livered at a set price within a reasonable period of time. 

It is with the development of the centering of the 
productive processes “under one roof,” the factory, that 
we now associate incentive systems. Employers now were 
interested in spreading overhead by increasing output. 
The fear by labor of rate cutting was prevalent. This 
fear, well founded in many cases, led to restricted pro- 
duction in our newly formed factories. 

The wage incentive systems developed around the turn 
of the century were aimed at alleviating this drawback. 
These took into account two developments, 1. the intro- 
duction of systems wherein both employer and employee 
shared the savings in direct labor costs resulting from 
increased production and, 2. the development of methods 
of setting performance standards, namely, time study. 
Various forms of profit sharing plans and the use of non- 
financial incentives were also recommended as solutions 
to the problem of rate cutting and restriction of output, 
but these are outside the scope of the present discussion. 

Many types of earning arrangements had been tried 
in Europe long before these present plans were “rein- 
vented” in the United States. Alford and Bangs stated, 
“European plans were never very sutcessful, however, 
because they were applied to either guessed or bargained 
standards of production.” The techniques of methods 
improvement and work measurement, as developed in the 
U.S. by Frederick Winslow Taylor and his associates, 
made such plans successful, and consequently engineers 
of this country have been given the whole credit for their 
origination (2, p. 1173). 

Many plans were devised from 1890 on, most of this 
synthesis occurring prior to 1925. The greatest impetus to 
the development of wage incentive plans was given by 
the proponents of “scientific management” and their 
successors, the “efficiency experts’”’ of the 1920's. It was 
these men who pushed for wage incentives as a manage- 
ment tool to reduce costs and emphasized. 1. the role of 
wage incentives in motivating workers to increase their 
rate of output and 2. the role of wage incentives in stim- 
ulating management to be more efficient in performing its 
functions (20, p. 8). It might be said that the opening 
gun in this campaign was fired in 1895 when Taylor's 
original epoch-making paper, “A Piece-Rate System,” 
was published (18, p. 856). He said, 

Since under this system, the rate-fixing is done from accurate 
knowledge instead of more or less by guess-work, the motive for 
holding back on work, for “soldiering” and endeavoring to deceive 
the employer as to the time required to do the work, is entirely 


removed, and with it the greatest cause for hard feelings and war 
between the management and the men. 


We shall examine this statement made 60 years ago 
as we proceed. 
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PHILOSOPHY OF WAGE INCENTIVES 


As stated before, the origin of the use of wage incen- 
tives has been management's desire to increase produc- 
tivity with approximately the same investment in plant, 
equipment, supervision, etc. However, this philosophy 
must be expanded to include the motivations and the 
rewards for the workers. 

Wolf reduces this to simple syllogistie form, holding 
(20, p. 73): 


1. That workers work for monetary rewards. 

2. That for additional remuneration, workers will increase out- 
prt. 

3 That, therefore, a svstem of pay that automatically tics 
earnings to output increases production. 


Modification of this logic would involve the introdue- 
tion of data relating to other motivations which are more 
primary than the drive for pecuniary reward. It is true, 
however, that people obtain the means of satisfying their 
wants and needs by selling productive power to industrial 
establishments. 

As Chandler points out, in our society money is the 
principal medium of exchange and.the main standard 
and store of value, among other things (5, p. 9). It not 
only provides a means of control over material things, 
but it also has intrinsic value as a symbol of status and 
security. Therefore, its place in the listing of primary 
motives for producing work should not be taken lightly. 

Wage incentives also appeal to those philosophical 
enough to consider the precepts of our capitalistic, free 
enterprise system. These precepts include 1. that laboring 
personnel should be remunerated in accordance with their 
worth as productive members of our society and 2. that 
the individual should be able to seek his own level of 
effort. Therefore, by rewarding extra effort and by in- 
creasing the relative ability of the worker to better his 
position, wage incentives conform to these basic values. 

This understanding of the appeals and logic of wage 
incentives is important to an understanding of the rea- 
soning and appeals of unionism in situations involving 
monetary incentives. 


SCOPE OF WAGE INCENTIVES 


In order to understand the range and magnitude of this 
study, it is essential to determine the extent to which 
incentives have become a major payroll-productivity 
factor. 

Some of the most reliable data, not based on sampling 
alone and well-detailed, are contained in a survey by the 
National Industrial Conference Board (24). Although 
this study is a bit dated, it is still referred to by current 
writers. This survey of 2,700 companies, representing all 
kinds and sizes of businesses in the U.S., showed that 
51.7% used wage incentives, or 2,655,000 out of 5,000,000 
workers in these companies. Of the 900 manufacturing 
companies, ranging in size from 100 to 10,000 workers, 
75% used wage incentives. It was also apparent from 
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this study that company size made no material differ- 
ence as to the use of incentives. 

It should be pointed out that the Department of Labor 
and National Service stated in 1950 that about 30% of 
manual workers in manufacturing industry received in- 
centive payments (23). 

In 1943, the American Management Association made 
a sampling survey of 50 representative manufacturing 
companies. This showed that 620 of direet producers 
amd 17° of indirect producers were being paid extra- 
financial incentives. There was an equal division between 
those paying individual incentives and those paying 
group incentives. The study concluded that incentives 
generally increased production but that technological and 
other changes made this difficult to measure. 

It is clear, incentive workers are not a small minority. 


WAGES, INCENTIVES, AND UNIONISM 


Labor unions have varied in their i 'sologies, leader- 
ship, membership, environment, political leanings, ete. ; 
but, if one factor can be universal concei ning them, it is 
their unified drive for more pay for their members. The 
more profound economists state this as a promise to re- 
distribute the national income, at the very least in favor 
of their members, and at the most in favor of the total 
working population. 

Nevertheless, labor's share of national income has re- 
mained more nearly constant than almost any other 
economic variable in society. J. M. Keynes, the noted 
economist thought this stability was “a bit of a miracle” 
(10). If Keynes and the statisties are right, Clark Kerr 
says, the world has seldom seen so much expenditure of 
effort, emotion and invective with so little result (9, p. 2). 

This phenomenon is not purely local in nature. Aus- 
tralia and England have both perceived the same situ- 
ation as existing when comparing labor's rising income 
with respect to the gross national income and the relative 
price index. In Australia for example, the Commonwealth 
Concilation and Arbitration Act has been in effect since 
1904. This act provides for compulsory collective bar- 
gaining regulated by tribunals created to preserve the 
King’s Peace and to protect the community interests. 
Yet, in the fifty vears of compulsory collective bargain- 
ing, with all the stresses and pulls of the rapidly expand- 
ing Australian economy, money wages 1913-1948 almost 
trebled while real Wages rose only by 36% and the wage 
earner maintained the same percentage of the national 
income when compared to entrepreneurial income, prop- 
erty income and pension income, in fact this percentage 
fell by 10° shortly after World War 2 (19, p. 326). 

Real hourly wages in the United States doubled be- 
tween 1914 and 1939 (28) and in Britain real hourly 
wages rose by approximately 50% (4, p. 30). Hours of 
work in the U.S. fell by 29° between 1909 and 1939, 
compared with the fall of 18% in Australia and 10% in 
the United Kingdom. 

The principal factor responsible for these different 


rates of improvement in wages and hours appears to be 
the variation in the rate at which productivity has risen 
in the countries concerned. For the most part, rises in 
real wages matched increases in productivity. In the U.., 
for example, where real hourly wages doubled between 
1914 and 1939, productivity per man-hour also doubled 
(28) and in Britain, where real hourly wages rose by 
about 50%, productivity per man-hour increased by the 
same proportion. 

This close correspondence of changes in real wages to 
changes in productivity in countries of widely different 
economies and industrial relations suggests that the 
power of unions, to effect a change in the percentage 
share of a nation’s increasing income through increased 
productivity, is negligible. Although they have not exer- 
cised a decisive influence on the general level of real 
wages, unions have probably played a part in insuring 
that the general level of real wages has not lagged unduly 
behind productivity. This has been mainly due to world- 
wide union emphasis on shorter hours for the same pay. 

It is significant to reemphasize the point previously 
mentioned, that about 60° of the U.S. production work- 
ers were participating in wage incentive plans. In Aus- 
tralia, in Sept. 1949, 32° of the workers received incen- 
tives, 17% of this total were manual workers in manu- 
facturing industries on piece-work or bonus payments 
based directly on output (8). In Britain in April 1947, 
26% of manual workers were being paid under a system 
of payment by results. 

It is also significant that in Australia, the unions have 
fought determinedly against the extension of wage incen- 
tives. In the furniture industry, for example, the union's 
strong opposition to systems of payment by results might 
appear inconsistent with its attitude towards technologi- 
cal change (19, p. 59). Technological change has been 
acceptable to the union because its basic tendency is to 
make the “back-yard” businesses unprofitable. In the 
case of payment by results, however, the traditional op- 
position of the craft groups was not so readily overcome. 

Although it might be true that payment by results 
would reduce overhead costs and have the same effect 
on “back-yard” competition as technological progress, 
the result was evidently to be achieved by greater effort 
on the part of employees, and the dominant impression 
was one of a direct threat to the security of all em- 
ployees, skilled and unskilled, by speed-up and possible 
overproduction. Technological progress, in contrast, of- 
fers the immediate prospect of cost reduction at the exist- 
ing output, and does not raise the possibility of over- 
production so directly. 

As was pointed out previously, some of these same 
arguments were raised by American unionism at the turn 
of the century. The main union objections today in 
America shall be discussed a bit later, but it is significant 
that these revolve about two other points entirely. Their 
objections are, briefly, 

1. Incentive pay, with rates set by different standards in in- 
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dividual factories, even in the same industry, strike at the 
heart of the drives for uniformity of wage standards. Further 
differential is caused by varying worker productivities on 
similar or identical jobs. 

2. The methods of measuring work through the establishment 
of time studied standards has been and remains a bone of 
contention between labor and management. 


WAGE INCENTIVES AND MANUFACTURING COSTS 


The theory behind management’s use of wage incen- 
tives is based on the assumption that increased output of 
product within the same plant, with the same equipment 
and approximately the same amount of supervision and 
other indirect services, lowers unit costs. This means that 
many costs, which ultimately determine selling price, do 
not increase proportionately with increases in the work- 
ers’ productivity. Further, an increase in the rate of out- 
put per worker brings about a reduction in the marginal 
cost of each incremental increase in output. 

To cite an example: If management was paying $20 
per day for 2000 units of production under a time wage 
system of payment, this means they were willing to 
pay one cent per unit and were still in business making 
a profit. Let us further assume that overhead costs 
amounted to $30, or one and one half cents per piece; 
a total of 24 cents for all costs per unit. 

If under an incentive system, assuming a base wage of 
$20 is guaranteed to all direct employees, management 
now is willing to pay one cent (or even 144 cent) per 
unit in direct pay for production over and above 2000 
units, this means the average incentive worker can earn 
between $22 and $26 for 110% to 130% pace. This gain 
in productivity per worker is obtained at the cost of 
running an incentive system, while the cost per unit for 
equipment, supervision, plant, etc. decreases markedly. 
At paces of 110% to 130% of base total costs may drop 
from 214 cents to 214, cents per unit (plus the additional 
cost per unit of administering the new system). 

Another point with regard to the relationship of wage 
incentives and manufacturing costs deals with work 
scheduling. The complexity of modern manufacturing 
establishments requires the determination of a vast num- 
ber of component and sub-assembly production and pro- 
curement sub-schedules, which are subordinate to a mas- 
ter plan or schedule involving final assembly, inspection, 
packaging, warehousing and shipment. 

Schedules are usually no better than the information 
available upon which they are based. One of the prime 
pieces of information needed is “how long” should the job 
take. This may be derived from time studies standards, 
past history or the best guess of a technically competent 
individual. 

In incentive plants one must take into account the pace 
over and above the standard pace at which incentive em- 
ployees work. A shortening of the amount of time neces- 
sary to complete components may lead to a reduction in 
cost of “in-process” inventory as well as raw material 
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inventory. This becomes evident when one considers that 
inventory is a cost from the time raw material is paid for 
to the time when the finished products are sold. 

A further advantage lies in the ability to devise more 
flexible schedules when dealing with briefer manual time 
sequences and machine loading times. This relates to the 
scheduler’s placement of jobs to be done to achieve the 
minimum amount of hours for equivalent work to be 
produced. In. mathematical programming this would be 
equivalent to increasing the variety of methods of han- 
dling the variables of production in order to minimize 
the hours required. 

This chapter of the study is intended to demonstrate 
management's motivation for adopting a wage incentive 
system. Obviously benefits accrue to labor as well, but 
there is very little evidence to support any claim to the 
establishment of any wage incentive system by a labor 
or union group. Not to be overlooked, however, is the 
very active pari.cipation and interest shown by labor 
in the initiation, extension and continuance of these sys- 
tems subsequent {o any original pronouncement by man- 
agement that indicates an intention of establishing such 
a system. It is for this reason that, in my opinion, wage 
incentive plans can be thought of as management plans; 
their success, however, dependent upon worker motiva- 
tion and union attitude. 


WAGE INCENTIVES AND INCREASED PRODUCTIVITY 


The gains to management, being dependent on in- 
creased productivity by labor, must therefore relate to 
wage incentives as a motivating force. Likewise, the 
assumption of wage incentives as a motivating factor 
should make increased productivity evident in those 
plants where such systems have been adopted. 

In a study of machinery manufacture, cotton-textile 
manufacture and the primary fabrication of nonferrous 
metals, the Bureau of Labor Statistics (27) compared 
the hourly earnings of time workers with those of incen- 
tive workers in identical operations in these industries. 
The report stated, 


. . & definite and substantial margin in favor of the workers 
paid under incentive plans... . Incentive workers were earning, 
per hour, between 10 and 20% more than the time workers. 
Differences of less than 5% or more than 30% were but rarely 
encountered. . . . 


A later study, based on a survey of 34,000 manufactur- 
ing establishments, concerning about five and one-half 
million workers, and 21,000 plants concerning one and 
one-half million workers, concluded (16): 


Generally, incentive workers receive higher earnings than do 
time workers in comparable jobs, although the size of differential 
is not consistent from industry to industry. The earnings ad- 
vantage of incentive workers ranged from less than 5% to at 
least 40% in the individual manufacturing industries... ; in 
many of the industries the difference was between 15 and 25%. 


This report went on to compare the differential in pay, 
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industry by industry, for example: 


Apparel 20-40% 
Metal Working « 
Pextile 10 16%% 
(Chemical «light 
Non-manutacturmng Cneludes dept. stores, garages, ete.) 


The U.S. War Production Board's Management Con- 
sultant Division in 1944 investigated eighty-six wage 
incentive installations in the Chieago area and found 
that, on the average, worker's earning under incentive 
increased by 19°) (29). Similar results in various other 
surveys have shown this increase over 100% base pro- 
duetivity to average 24.4° , 20° and so on. 

The Dartnell Corporation, in a study of 117 compamies 
in 1948 concluded that the range of incentive bonuses was 
between 5 and 35°) with the average around 25° over 
the base pay (22). 

It is important to note the discussion of average, be- 
cause, if a plant averages 1259, we can expect a modal 
Value at that point when plotting percentage bonus vs 
number of employees receiving bonus. This means that 
approximately one-half of the employees will receive 
less and one-half more than this modal average. The sur- 
veys indicated above took the average of an industry's 
or area’s averages as their indicator, If we realize that for 
each individual average there is a range of employees 
below and above this value, we ean derive a better under- 
standing of the effeet of wage incentives on American 
Industry 

Ralph Barnes (3) and Ralph Presgrave (14) suggested 
that the ratio between the best and the worst operators 
varies between 1 to 2 and 1 to 2.5. Between the best and 
the worst operators on incentive there might exist a range 
of between 80 and 160°. of base rate when the average 
The distribution of the 
frequeney of occurrence of various paces about the aver- 


pace Is approximately 120-125°; 


age would follow the pattern of a normal frequency dis- 
tribution curve (7). 

Mundel stated (12, p. 309), 

The nature of the distribution of capacities is such that with 
each trait the greater number of people tend to possess an aver- 
age amount, with the number dimmmehing as the extremes are 


bee we rlormed worker selection. pacing by limits 


of equipment, and group work will tend to reduce the spread of 
the [normal curve] 


This dispersion analysis becomes increasingly impor- 
tant when we discuss one of the two major objections by 
unions to wage incentives. As was stated before, one of 
the major objections was: 

Incentive pay causes differentials in pay between workers per- 
forming identical or similar jobs in the same industry, plant and 
even department of a plant. 


INCENTIVES AND WAGE STRUCTURES 

There is every indication to show that the use of a 
system of payment by results injects a dynamic element 
into the wage structure. This becomes evident as tradi- 
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tional wage differentials are upset and along with them 
the traditional evaluations built up in the workers’ minds 
The problem is usually accentuated in those cases where, 
to the employee, these changes appear to be illogical and 
unreasonable. 

Wolf stated that this distortion is inherent in the use of 
systenis of payment by result and arises from (20, p. 
128): 

1. Diffefences in potential earnings on different jobs 

2. Differences in ability among workers on the same job. 

3. gaa, in the ability of a specific worker on different 

yobs. 

1. Differences in the pressures that groups of workers may appl 

for loosening up standards of output 


These differences are not so apparent in a day work 
plant, because, although everyone is at least expected to 
meet some minimum of production, there is no motiva- 
tion to exceed this minimum. Therefore, a frequency 
curve would never approach a “hormal” shape and we 
might expect a very narrow range of dispersion about 
the minimum expectable level of productivity. 

If extra pay is paid for extra effort, variations In pay 
will indicate the superior, average and sub-average oper- 
ator. This categorizing is most important to management 
as a device for focusing attention on worker performance, 
thus making the immediate supervisor's job a bit less 
based on opinion and a bit more based on fact. Wage 
incentives may bring to light worker deficiencies that win 
point the way to positive programs of tramung, selection 
and placement. 

Now, what of the union? Prior to wage incentives, the 
primary drives by unions were for more pay, shorter 
hours and better working conditions. The use of wage 
incentives has focused attention on the “slackers” and on 
the latent productivity that is inherent in all plants on a 
time wage payment basis. To combat this “hot potato” 
thrown in their laps, many unions have reacted in differ- 
ent ways. Some, like the International Ladies Garment 
Workers and the International Brotherhood of Machin- 
ists, formed their own Industrial Engineering depart- 
ments. Some locals refused to allow incentives as a means 
of payment. Some attacked the right of management to 
determine standards, while others accepted this right bv 
management, as long as the method of setting the stand- 
ard could be reviewed and could be bargained. 

William Gomberg, former Director of Management 
engineering of the ILGWU, stated unequivocably, “The 
question of labor’s participation in the setting of produc- 
tion standards is now pretty well settled” (6, p. 35). He 
points to the arbitration award settling the strike against 
an alleged speed-up of the Ford production workers in 
the River Rouge plant. The contract between Ford and 
the then UAW-CIO at that time specifically gave man- 
agement the unilateral right to determine production 
standards. The arbitration award recognized “the right 
of the company to establish and determine and to main- 
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tain and enforce standards of production.’’ With regard 
to the number and location of plants, products to be man- 
ufactured or schedules of production, this right was held 
to be inviolate. Such was not the case with respect to 
production standards. There this right meant only to 
initiate, and therefore upheld the union demand to ques- 
tion the company’s standards. A more recent case up- 
holding this point was J. I. Case Co. and UAW, AFL- 
CIO, July 11, 1957. 

On the other hand, there are many companies today 
whose management is of the definite belief that standards 
are not subjects for arbitration the way wages and hours 
are. J. K. Louden stated, “. . . a standard must be based 
only upon facts and changed only by facts” (11, p. 161). 
The reasoning behind this position is that standards must 
not be subjected to negotiation or arbitration either in 
their establishment or in their change. 

In order for management to take so firm a stand, it is 
clear that they must “come into court with clean hands.” 
The system for establishing performance standards must 
be so devised and objective to be above question by those 
who must operate under it. So, once again the “hot po- 
tato” has been tossed, this time in the lap of manage- 
ment. As much as wage incentives have shown up the 
“featherbedding” of employees, so has it placed manage- 
ment in the position of defending its time standards. 

One point is clear, no one can smugly assume the pen- 
dulum will not return, for the automated factory will lead 
to mechanical pacing of any manual labor attendant 
to it. 


THE PERFORMANCE STANDARD 


As was stated previously, the second main objection of 
unions to the use of wage incentives was in the present 
methods of work measurement. 

Frederick W. Taylor, called by many the father of 
time study, stated (25, p. 40): 

Time and motion study are the accurate scientific methods by 
which the great mass of laws governing the best, easiest and 
most productive movements of men are investigated. They sub- 
stitute exact knowledge for prejudiced opinion and force in 
determining all the conditions of work and pay... . As reason- 
ably might we insist on bargaining about the time and place of 
the rising and the setting sun ... [as bargain over the results of 
time and motion study]. 


Would that this could be true! Not even those propo- 
nents of the “exact” sciences would dare make so precise 
a claim for their profession. No designer of structures 
would ever complete his multitude of calculations re yield 
points in tension, rivet shear capabilities, girder com- 
pression strengths, etc. and then not add a “safety fac- 
tor” of 5 or more. As precise as his calculations are, this 
addition of a factor of safety adds 500% or more to the 
cost of steel needed for the given structure. 

e« No one in their right mind today would make a state- 
ment like Taylor's, considering not only the variations 
of given formulae when applied to steel, or any part of 
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our material world, but any law which relates to the 
human being and all his inherent variations. 

Of all of the elements of establishing a standard, the 
most controversial portion of time study has been the 
rating, normalizing, or leveling procedure. Very much less 
argument exists today concerning: 

1. The selection of the operator to be studied. 

2. The job description and the elemental breakdown of the 

job. 
. The pace or conditions under which the job is to be studied 
. The type of recording instrument 
Snap-back vs continuous watch 
. The collection and computation VU: ine data necessary to pay 
incentive wages for incentive pace. 


One other element of time study not listed above is the 
calculation of the amount of personal and unavoidable 
delays which occur during production time. This how- 
ever, is a problem which differs from plant to plant, and 
usually from department to department in most plants. 
Personal time is usually agreed upon by management and 
labor as a fixed percentage addition to the production 
standard. Unavoidable delays, such as tool breakage, 
wait for material, part stuck in machine, ete., are usually 
calculated by ratio-delay studies. 

As stated before, it is the rating process which is by far 
the major bone of contention. It is by this process that the 
rate setter mentally or otherwise evaluates the perform- 
ance being observed against a “normal” pace modified by 
the individual difficulties of the job being observed. 

Basically, the time study man makes two distinct de- 
cisions in this process: 

1. He must formulate in his mind the concept of what a nor- 

mal performance should be on the job being studied 

2. He must determine a numerical comparison between the 

observed performance and the concept described in 1. 


The AFL-CIO has stated (21): 


Rating is the step of the time study procedure where the most 
judgment or guesswork is involved. .. . The concept of “normal” 
must by its nature be carried around in the time study man’s 
head. . . . The very nature of rating opens it to abuse. By 
manipulating this rating factor, it is easy for the time study man 
to end up with practically any result he chooses. 


A commonly heard statement made by time study men 
is that their rating is within the limits of plus or minus 
5% of the true rating. The Society for the Advancement 
of Management, long worried about this claim, conducted 
a study of existing practices in industry to establish a 
concept of a fair day’s work, and to develop films as a 
medium for training in rating (26). 

Films were subsequently made of 24 different, simple 
industrial operations conducted at various speeds of per- 
formance. The films were then rated by 1800 time study 
men from about 200 companies and these films are util- 
ized by time study departments throughout the country 
to test rate setters. 

The two major fallacies of using these films seem obvi- 
ous. For one, the likelihood of associating a concept of 
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pace on tRese fms of non-industrial jobs with an actual 
operation ve observed is very remote. Consider the 
differenges? in weight handled, eye-hand coordination 
and ph¥fical handling requirements, alone, between the 
filmed joh and the actual job—yet these factors go into 
the rating process as allowances to be mentally added to 
the pace observed. 

Secandly, it has been found that the use of the same 
24 films throughout the country leads to a memorization 
of the expected rating values. This has been admitted to 
the author by quite a few time study men from around 
the country. 

At the Marquette University Management Center, 
aside from the basic work measurement courses given, a 
time study rating session, attracting over 75 people, is 
held each vear. It has never failed but that when these 
men are confronted with films they have never seen be- 
fore, a spread of plus or minus 15°% exists. In fact, when 
shown one film involving the lifting of a flask to a table 
in a foundry, the range runs close to plus or minus 20%. 
It has always surprised me as to how these men could 
rate a task without even asking so obvious a question, 
“Hlow much does the flask weigh?” They never do. When 
the results are in, and their range of values is made 
public, we ask them, “What did you think the flask 
weighed?” Even among foundrymen their replies vary 
between 20 and 65 pounds, when the actual flask weight 
is 45 pounds. On another film shown in March, 1958, the 
weight ranged from 48 pounds to 5 pounds per carton 
lifted. The results of the rating session demonstrated the 
raters’ inability to adequately compensate for weight 
handled. 

Much has been written by Industrial Engineers on the 
siibject of rating, from close-minded righteousness that is 
not to be questioned, to those who would eliminate rating 
altogether. Adam Abruzzi has expressed the most extreme 
view when he stated (1): 

work measurement is actually reduced to a bargaiming 
problem which, it will be shown, can profitably be considered 
within the theory of games In fact, the explicit admission 
that rating and specification-setting are a game rather than sei- 
entific processes would in itself be of advantage to management ; 
it would prevent successful labor challenges simply on the basis 
that the process is not scientific 


Ralph Presgrave has stated (14, p. 194), “. . . time 
study still remains as much an art as a science.” Arthur 
Svivester (17, p. 5) and Dr. Gomberg (6, p. 191) have 
pretty much taken the same position. 

A whole host of men have developed predetermined 
standard data systems. The major claims made for these 
systems is that they introduce the element of consistency 
and accuracy. As to accuracy, it must be considered that 
the system's accuracy is dependent on the system’s rating 
process and choice of elements. If that is dubious, so 
might we consider the system. Yet, in seeking a new 
Utopia, a great many companies have seized upon these 
systems without checking this factor. 
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As to consistency, no system can possibly give all the 
data necessary to compute all performance standards. 
Values must be calculated and added to the system's 
values. How should these values be rated in order to be 
consistent with the standard data system? 

Considering all of the above, is it any wonder that the 
AFL-CIO has stated (21): 


Time study has become a major issue in union-management 
relations. Unions have found that grievance handling problems 
are greatly increased in plants where time study exists. Not only 
are there more grievances, but a greater amount of time must 
be spent in investigating and processing time study grievances 
One local union recently reported that in the first five months 
of the vear it had .. . 254 grievances . 221, or 87% were time 
study cases. 


This article went on to quote statisties of the American 
Arbitration Association that, in 1954, time study and job 
evaluation were responsible for 19.1% of the cases han- 
dled and by 1956 this had risen to 23% 

Do the prospects of never finding a solution to the 
rating problem seem likely? I very definitely think not. 
One of the major problems to overcome is the problem 
of most Industrial Engineers—overcoming resistance to 
change, but this time it’s their own resistance to change. 
There exists today a system of rating which reduces much 
of these mental calculations to tables of values and films. 
This system is generally called objective rating and was 
first introduced by Dr. Marvin E. Mundel (12). A sub- 
sequent book describing this method was published by 
Dr. Gerald Nadler (13). 

The basic feature of this method of rating is in separat- 
ing pace or speed rating from job difficulty adjustments. 
Rating a job for pure pace (or speed) alone is much sim- 
pler than rating pace and adjusting for difficulty at the 
same time. Therefore, films of various “bench mark” 
paces, chosen for each plant if necessary, provide an 
anchor that will not shift with time. 

Tables of values for the necessary adjustments are pro- 
vided. These adjustments are for: 


1. Amount of body used. 
2. Bimanualness. 

3. Foot-pedals. 

4. Eye-hand coordination. 
5. Handling requirements. 
6. Weight handled. 


The rating of a task can now be questioned and exam- 
ined either through instantaneous review of the pace at 
time of study, a subsequent review of the tables of sec- 
ondary adjustments, a review and rating of a film of the 
task, or all of these. 

The problem of rating is still with us in most areas of 
the country. However, as was stated before, the pendu- 
lum has a way of returning. Management in many areas 
of this nation is on the defensive regarding the rating 
process utilized. Yet, the performance standards for ma- 
chine paced operations are easily set and rating is not 
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a problem. The trend is more toward manpower’s use as a 
machine tender rather than a machine operator; there- 
fore, we can look to more easily set and less controversial 
performance standards in the future. It will then herald 
the era where the onus of productivity will be placed on 
labor, now to be paced by the machine. 


SUMMARY AND CONCLUSION 

It has been shown that wage incentives as we conceive 
them today, are a distinctly effective motivating force in 
bringing about increased productivity. The present sys- 
tems of payment by result depend upon a realistic and 
workable payment plan as well as an objective method of 
determining standards of performance, as opposed to the 
rate cutting and “soldiering” of 50 vears ago. 

There also appears to be a correlation between the in- 
crease in real wages, the corresponding increase in pro- 
ductivity and the extent of wage incentive coverage in 
the U.S., Britain and Australia. This indication bears 
investigation that may very well provide further infor- 
mation as to the reasons for the degree of difference in 
productivity and real wages in these three countries as 
well as in other free enterprise nations. 

One of the main reasons for management's desire to 
install and maintain wage incentives is the over-all re- 
duction in unit costs which results when the more or less 
fixed overhead is now spread over increased units of 
product. Further gains to management are evident in 
reduced inventory costs and more flexibility with regard 
to scheduling smaller blocks of production time. 

That the use of wage incentives has increased produc- 
tivity by an average of 25% has not only been shown in 
a preceding chapter but is also borne out by this author's 
own experiences. When one discusses averages, however, 
one must be cognizant of the fact that each average rep- 
resents a range of approximately 1 to 2 between the slow- 
est and fastest workers. Therefore, incentive earnings be- 
tween 130 and 140% are not as uncommon as the study 
of averages might indicate. 

One of the main objections of organized labor has been 
with regard to the dissolution of traditional wage rela- 
tionships. These differences develop as the increased pro- 
ductivity on lower job evaluated tasks gains for these 
employees wages which may approximate the wages of 
lower productivity employees on higher evaluated jobs, 
or even perhaps the non-incentive employees on a pro- 
fessional or supervisory status. The main objection is 
never quite expressed, but relates to the pinpointing of 
“slackers” and producers. Even in the intermediate 
range, a productivity evaluation can be made for each 
employee on the same or different jobs—differences which 
never became apparent through time wage systems. 

Although many managements still insist on the sanc- 
tity of their performance standards, recent arbitration 
rulings indicate a trend towards the insistance that un- 
ions be allowed to see and review performance standards. 
This seems only logical when it is considered that the 
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take home pay of its membership is directly affected by 
these standards. If there is nothing to hide and standards 
are set as objectively as possible, these rulings probably 
will not alter the equilibrium. 

There exists today a system for reducing the factors 
that must be carried in the time study man’s head. This 
system of objective rating has proven its ability to reduce 
the range of error from job to job, no matter how re- 
motely that job resembles anything the rater has ever 
seen. 

Although many studies have been conducted to indi- 
cate that money is not the number one primary reason 
why men work, I believe the results of these studies bear 
stratification. The results might be much more acceptable 
if they were classified as between incentive and non- 
incentive employees. I would venture to guess that money 
would be a much more dominant factor in the mind of the 
incentive worker, whose take home pay is a result of his 
own productivity. 

The conflicts over wage incentives are not settled as of 
today, but it is a clear fact that the payment of wages by 
results conforms to our concept of free enterprise, as long 
as no definite advantage exists by either management or 
labor with regard to upsetting the equilibrium heretofore 
described. Wage incentives do provide a means of credit- 
ing employees for results as well as singling them out for 
recognition. Most important of all they provide a means 
whereby American industry can increase or maintain a 
high level of productivity for a given capital investment. 
Any student of economics can express the resultant ad- 
vantages in terms of other nations in not so favorable a 
position. 

The philosophy of wage incentives is sound and the 
union attitude is healthy as regards the protection of the 
employee from abuses by the system, intentional as well 
as unintentional abuses. It is the union’s alertness that 
has caused management to devise better systems of in- 
centives as well as better methods of measurement. We 
can look forward to more progress in the field of wage 
incentives if both management and labor continue their 
efforts to improve the techniques of increasing produc- 
tivity, while being well aware of the other's interests. 
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Training Practicing Industrial Engineers in 


Mathematical Techniques—A Case History 


by ROBERT MASKEL 


Chief Industrial Engineer, Spruce Falls Power and Paper Company Limited, Kapuskasing, Ontario, Canada 


L IKE most Industrial Engineers, | have been evaluating 
the pros ami cons of whether Operations Research is 
Industrial Engineering or is in reality a separate pro- 
fession. Although I still have an open mind on the sub- 
ject, | have come to one definite conclusion, 1L.e., the use 
of mathematical techniques, especially statistics and 
probability theory, has much to offer the Industrial Engi- 
neering field as it stands today and for the future. This 
tery important conviction becomes more apparent to me 
each year. 

From this conviction it is apparent that Industrial 
Engineers should use these mathematical techniques. 
This is easier said than done, especially for those In- 
dustrial Engineers now on the job who have had no 
formal training in school. This problem faced us here at 
Spruce Falls and we have gone a long way towards solv- 
ing it, by a combination of methods. 


ACTUAL EXAMPLE 
Four years ago we had 4 graduate engineers, only one 
of whom had had one basic course in business statistics 
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during college. However, we did have two other assets 
which proved invaluable—1. an interest in the subject, 
2. a practicing statistical quality control program ad- 
ministered by another division. Our biggest liability was 
our isolation. The nearest engineering educational insti- 
tution is 540 miles away. (We probably have the distine- 
tion of operating the most northern Industrial Engineer- 
ing Department on the American Continent. ) 

The first problem to surmount was to get some one 
person in the department to acquire a working knowledge 
of the subject. I did this myself, since I had the most 
interest and had had one basic course in business sta- 
tistics at college. In looking back I now realize that the 
only good this course did for me was to whet my interest, 
since the coverage was very scanty. My first step was to 
get some books and work at home, with considerable help 
from the Quality Control people. After some study I 
decided, with more courage than knowledge, that I would 
teach a basic course in statistics to the other 3 members 
of the Industrial Engineering Department. So a 40-hour 
course was started that would be conducted outside 
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working hours. Other professional personnel were invited 
to attend and the class totalled 13. It was a complete 


success. Certainly it left me impressed with the old axiom PROCEEDINGS OF THE 
that—the best way to learn a subject is to teach it. The FIRST INTERNATIONAL 
results were good enough that we could immediately start 

CONFERENCE ON 


to use what we had learned in our every day work. A 
year later the course was run again for 15 other person- 
nel. Most of them had heard about the course from the 

previous year and requested that it be run again. This OPER ATION AL 
time | taught most of it but used the others in the In- 
dustrial Engineering Department for teaching part of it. RESEARCH 
We plan to offer it again next year and will have two 
Industrial Engineers, other than myself, conduct the 
complete course. This has two advantages—1. they must 
thoroughly learn the subject to teach it, 2. it gives them 
invaluable experience and confidence in speaking before 
a group. 


(Oxford, England, Sept., 1957) 


e 28 PAPERS on various phases of OR. 

© AUTHORS include P. M. Morse, Sir 

OTHER PLANS (CHARLES Goopeve, B. 0. Koopman, 
Our second step was to get more advanced work. Two V. Dantzie, T. C. Koopmans. 

of the Industrial Engineers were given an assignment to 


learn and then conduct a course on the Design of Experi- ® SUBJECTS covered: General research as- 
ments and the Analysis of Variance, for the rest of the pects, Operational gaming, Lanchester 
department. This was done with good results. We are models, Linear programming, Queueing 


contemplating putting this on as a voluntary course for 
other interested people at some future date. 

Another medium we have found useful is to assign 
someone an article to review from one of the magazines 
covering the field. I am happy to say that most of these 


theory, Railroad and _ traffie problems, 
Communications studies, Inventory and 
other industrial applications. 


articles have come from this Journal. ¢ DISCUSSION by operations analysts from 
Another method that is becoming more useful now that 20 nations. 

we are conversant with the basic ideas is to purchase 

vooks and encourage the individuals to read and study e PANEL REPORTS on Education, Organi- 


them. This is working out very well and we are currently 
studying linear programming and non-parametric statis- 
tics with this method. I like to use the comparison that it 


costs from $5.00 to $10.00 to buy a book but from $200.00 : . : 
to ? to send some one to a conference to learn a special © NATIONAL REPORTS on the progress and 


technique. need for OR in 14 countries. 


zation, Reporting, Relation to other mana- 
gerial aids, Forecasts of future OR. 


The proof of the pie is in the eating and also with our 
mathematical techniques. We now use them almost daily 
and almost automatically. However, at first we had to 
go out of our way to use them and in many cases it took Published by the English Universities Press, 
us longer than our older methods. We would be lost with- 
out them now, however, especially in regard to the 
quality of our studies and recommendations. 


534 PAGES, 92 DIAGRAMS, Cloth bound. 


Ltd., London, and the Orrrations Researcu 
SOCIETY OF AMERICA. 


A limited number of copies are for sale at $7.50. 


SUMMARY Send check or money order to: 


I have attempted to show how we, who are relatively 


isolated, have successfully taught ourselves how to use Business Manager 
elementary mathematical techniques in Industrial Engi- Operations Research Society of America 
neering. I hope this can serve as an example to others who Mount Royal and Guilford Avenues 


have been procrastinating. We are quite proud of our 
modest beginning and hope to continue on into more 
advanced techniques. 


Baltimore 2, Maryland 
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Why Do Unions Oppose Management 


Determined Performance Standards? 


by W. R. HUDSON 


Associate Professor, Department of Industrial and Management Engineering, State University of lowa 


I; SEEMS at times as though we are witnessing the 
beginning of the end of performance standards deter- 
mined by means of the body of techniques, known loosely 
as work measurement. The union movement maintains 
a locally variable but generally constant harassing fire 
at these techniques, particularly at direet time study. 
Some of our managements are retreating, by various 
routes and to different distances, Industrial Engineers, 
even some good Industrial Engineers, are beginning to be 
doubtful. It is entirely possible that a certain amount of 
loss of perspective is responsible for these reactions, This 
discussion is offered as a perspective view. 

This discussion will be organized around four points 

which are not necessarily exhaustive. 

1. The use of management determined performance standards 
as a factor in wage determination conflicts with a.basic logic 
of unionism 

. The actual form of the union attacks on such standards is a 
rationalization 

3. A corresponding basic logic of management should be recog- 
nized by management people 

Because of differing environments, management people and 

umon people can be expected to view such standards differ- 

ently. 


te 


BASIC LOGIC 


In assessing the logic of unionism relative to these 
standards it is well to begin by remembering that union 
opposition is not a recent development but dates from 
at least as early as the time of F. W. Taylor. The modern 
aspect is the increasingly specific approach used to attack 
standards; the union leaders are becoming quite skillful 
in searching out specific points in studies as the basis for 
upsetting the corresponding standard. There is nothing 
necessarily objectionable about a specific approach, in- 
deed to the extent that faulty applications are revealed 
whereby a positive contribution is made. The question- 
able feature is the extension of specific cases of faulty 
applications to a generalized indictment of a whole body 
of technique. This generalization may be summarized as 
having two central themes. 

1. The techniques are non scientific and inaccurate. 


2. Performance and wages should be determined by “democratic 
process.” 


Novemmber—December, 1958 


The Journal of Industrial Engineering 


The basic logic of unionism would require opposition 
to management determined performance standards as a 
factor in determining pay and promotion regardless of 
the actual accuracy and scientific status of the techniques 
used. The reason is that the usual processes of deter- 
mination and application of production standards tend 
to conflict with the most basic of all union needs, 1.e., 
“union security.”” Many of us forget that for most of its 
history the major problem of America labor unions was 
to stay organized. Union leaders as a group are probably 
not so forgetful. Union security has to do with the 
strength to assure existence and status and is related to 
loyalty of the membership to the union per se and/or 
in the persons of its leaders. Over any appreciable period, 
loyalty is related to the extent to which the members see 
the union as the source of “good things.” Amount of pay 
is an important one of these “good things.” If the mem- 
bers’ image of the union as the source of good things 
becomes confused, loyalty is endangered, hence “se- 
curity.” The almost invariable inclusion of wage de- 
mands in contract negotiations and the frequently found 
contract provision for prior union approval as a condi- 
tion to selective pay increases initiated by management 
are both consistent with this logic. 

Pay based on individual productivity is, within this 
logic, a form of selective systems of rewards whose bene- 
fits may not be clearly ascribed to the union’s actions. 
There is thus a conflict with basic logic, hence such sys- 
tems should be opposed as general policy. There may be 
over-riding local considerations which suspend local ap- 
plication of the general policy, but it is only suspended, 
not discarded. 


RATIONALIZATION 


The second point is that, in a real sense, attacks on 
the techniques used to determine production standards 
are a rationalization, i.e., the way in which the real 
sources of concern are expressed. An important differ- 
ence between a “true cause” and a “rationalization” of 
that cause is that the former usually “makes sense” in 
accounting for all related behavior while the latter does 
not. The discussion just finished is an attempt to show 


that there is a true cause for opposition which makes 
sense in its logical context. Turning now to the rationali- 
it should be noted 


zations, “inaccurate and nonscientific, 
in passing that there is no universally accepted, exhaus- 
tive and explicit definition for either of these terms. Be- 
cause of this, it is always possible to set up a plausible 
definition which cannot be met by a particular body of 
technique. 

The “non scientific” charge is based on the use of per- 
formance rating which does, in fact, constitute an intro- 
duetion of observer judgment into the interpretation of 
the data. In this view the ratings are not data, however, 
if one wishes to Insist that i are, then it would have 
to be recognized that they aré a different Aind of data 
than the time values themselves. In either event the rat- 
ings are, from an operational viewpoint, a set of nota- 
tions made so that the meaning of the time values may 
be interpreted for a specific purpose. A great many In- 
dustrial Engineers are dissatisfied with a situation in 
which the current state of knowledge does not permit use 
of a more objective basis for interpreting the time data. 
It should be recognized that criticism based on the need 
for any interpretation at all is likely to remain a perma- 
nent criticism. For example, if it became possible and 
practicable to measure levels of worker energy output 
under field conditions, it would still be necessary to in- 
terpret the meaning of a given level of energy in terms 
of “reasonable,” or “normal” or “fair.” 

Relative to rationalization, the technical problems are 
not directly to the point. The central point is that the 
stipulated reasons for opposition to production standards 
are not used as a basis for opposition in other but equiva- 
lent situations. For example, a stated reason is inaccu- 
racy, the objection is not restricted to instances of “in- 
accuracy” but is an objection in principle, i.e., an entire 
body of techniques is included. Regardless of the prob- 
lems of defining “accuracy” it would seem that an ob- 
jection in principle concerning “accuracy” should apply 
to all factors determining wages. This is obviously not 
the case since the procedures used in determining the cost 
of living index, or wage classifications, or base wage rates 
‘an hardly be characterized as “accurate” in the same 
sense demanded of work measurement. Yet these other 
factors are widely accepted without the question of ac- 
curacy being raised at all. Furthermore, although there 
are obviously very large elements of subjective judg- 
ment involved in deciding what is “reasonable,” “normal” 
or “fair” relative to these other factors, this is also ac- 
cepted without question as to technical respectability. 

Additional contradictory behavior includes the fact of 
actual participation of locals in determining production 
standards and at least one instance in which the union 
bore primary responsibility for determining piece rates. 
The same techniques «attacked elsewhere as being “in- 
accurate” were used in these situations. 

Lastly, if “inaccurate” standards set by company an- 
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alysts are unacceptable but performance standards (of 
some kind) determined by the workers themselves are 
accuracy of such 


acceptable then, presumably, the 


worker determined standards ts superior. 


BASIC MANAGEMENT LOGIC 


Concerning the basic management logic relative to 
such performance standards, it is reeognized that here 
also there may be over-riding local factors which pro- 
duce a suspension of what would seem to be the logical 
long term position, So long as there is a recognized long 
term position, departures from this position will be 
viewed as temporary expedients of strategy. In the ab- 
sence of a recognized long term position, the total price 
paid for relief of pressure could turn out to be very high. 

The remainder of this discussion is intended to point 
out some of the considerations which should go into a 
decision as to the nature of basic management logic rela- 
tive to performance standards. Some people apparently 
believe that there is a choice between having standards 
and not having standards. In any practical sense, this is 
not the case. There will always be a performance stand- 
ard set by someone in some way. A performance stand- 
ard of some kind is a functional necessity in virtually 
every phase of our everyday existence. The service sta- 
tion operator cannot confirm a requested delivery hour 
for a “wash and grease job” without using some kind of 
performance standard in his calculations. You cannot 
confirm (or reject) a proposal that you be at a certain 
place at a certain time without first going through a 
mental process involving performance standards of some 
kind. In the industrial situation if the performance stand- 
ards are not otherwise determined the worker will cer- 
tainly determine his own. By implication and direction 
this seems to be the nature of the alternative which those 
attacking work measurement have in mind, The question 
here is, does the alternative have promise of being su- 
perior in accuracy and scientific nature? This author has 
never seen a case made as to whether this is so, and will 
leave the reader to speculate on the answer. 

Even though no case is made for superior accuracy 
and scientific nature: are worker determined standards 
better because they represent use of democratic proc- 
esses? This subject could be given a lengthy discussion, 
but let it suffice here to ask a few questions. 


Is a “democratic” (group) decision necessarily a “good” de- 
cision? 

Does the fact that a decision is made by a group necessarily 
qualify the group to make decisions of that kind? 

Is the “group,” in the context in which we are speaking, equiva- 
lent to “society,” so that a decision deemed by the group to be good 
for it will be also good for society”? 


The general question is whether the alternative 
(worker determined standards) promises to be superior 
technically and/or socially. 
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DIFFERING ENVIRONMENTS 


This leads to a fourth point, the union people and the 
management people tend to operate in differing environ- 
ments and this state will tend to influence the answers to 
the preceding question, 

For example, views as to the social function of industry 
may be grouped into two general classes by major em- 
phasis: 

1. The prime obligation of madustry is to produce goods (or 
services) in the kinds and quantities and at the prices de- 
sired by the society. This may be referred to as the “produe- 
Viewpoint 
The prime obligation of madustrvy w to pera ule a source of 
income for those associated with (emploved within) the in- 
dustry. This mav be referred to as the “income viewpoimt” or 


te 


“purchasing power viewpomt.- 


Kach viewpoint in its totality ineludes the other, The 
difference is in emphasis or view of the prime function of 
industry. The question of which alternative means of 
determining performance standards promises to be the 
more oriented toward productivity is an important one 
to a person holding the production viewpoint. Within 
wide limits, the same question ts relatively unimportant 
to a person holding the income viewpoint. 

Among other environmental differences between man- 
ager and union leader which tend to color viewpoints to- 
ward means of determining standards are the following: 


Popular political ability is a much greater determinant in the 
selection of a union leader than of a manager. 

Productive capacity is a minor factor in a union leader's evalu- 
ation of a member but is a major factor in management's evalua- 
tion of a worker. 

The union leader's principal field of interest and action is in 
only one of the major factors of the total operating problem, labor. 
Management people are jointly responsible for the results of de- 
cisions in all factors of the operation. 

The union leader is severely limited by his environment in op- 
portunity to modify, reverse, or abandon a popular position or 
contractual provision. Management people are expected to make 
revisions and changes to keep in step with the current situation. 


SUMMARY 


1. Attacks on accuracy and scientific status of techniques for 
determining stafidards may arise from causes independent of 
those stated. 

2. When such attacks are made, the nature of alternative tech- 
niques as to accuracy and smentific status becomes a perti- 
nent question. 

3. Union leaders and management people can be expected to 
have different bases for defining a “good” way of setting 
standards. Management people should weigh the total con- 
sequences of accepting the umion’s basis for definition. 

4. Both parties might do well to concentrate on specific defini- 
tions of “accurate” and on the elimination of incompetent 
persons from the function of determining standards, In its 
intended sense “competence” also includes ethical compe- 


tence. 


Files in a Production Control System 


by ROGER L. SISSON 
Canning, Sisson and Associates 


Tu purpose of this article is to describe a way of 
looking at the data handling aspects of production 
control systems which has been found useful by the 
author. Unquestionably, the key parts of a production 
control system are the decision-making procedures. But 
these will not work correctly with poor data. Given the 
decision-proecdures (or a desire to clean up the data 
system to prepare for improved decision procedures), a 
data system based, in congept, on the seven files de- 
scribed below is often more effective than one in which 
the files are added as the need appears to arise during 
the design. In practice, of course, the files may be geo- 
graphically and functionally divided; but only for good 
reasons, if the proposed approach is taken. We start by 
reviewing the nature of files. 


WHAT ARE FILES? 


The full nature and implication of a file of data in a 
business will become apparent later in this article. In 
order to prevent misunderstanding let us try to define a 
file briefly here. 

A file is a collection of records which is available to a data 
processing system in some well-defined manner and which is 
processed so that the records are as current as possible. A record, 
in turn, is defined as the data which is being retained about some 
aspect of an entity which is important ‘o the operation of the 
business; entities such as employees, macerials, machines. : 


For example, a raw material inventory file contains a 
record for each type of raw material. The raw material is 
the entity. Usually the file is sequenced by a raw ma- 
terial code number so that records may be easily located 
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and reinserted. This sequenced collection of records is 
the file. 

A group of purchase requisitions waiting to be proc- 
essed is not a file. In the first place the purchase requisi- 
tion may contain only part of the data desired about the 
entity. Also, the data is not available in a well-defined 
manner. Finally, this data is not kept current, but is in 
fact data being used to keep some other records (open 
order file records) current. On the other hand, a report 
of all open customer orders by type of assembly ordered 
say, which is issued monthly, but which is posted to and 
kept current during the month is a file, even though it is 
referred to as a report. A record in this case is one line 
or entry of the “report.” A scheduling board is another 
form of file. 


WHY HAVE FILES?” 

Files have become such an intimate part of a business’ 
data processing system that one never hears their pur- 
pose questioned. Line management, in particular, tends 
to take files and the data they provide for granted and 
are often not aware that files exist (yet sometimes they 
wonder why their clerical staffs are so large). It is a good 
policy to question any business function from time to 
time, especially those for which the necessity is “obvi- 
ous.”” Why then do businesses become burdened with so 
many files and records? 

The principal reason for files in business is to act as, 
the memory of a business: Even the smallest businesses 
have become so complex that no one person or group of 
people can recall accurately (if at all) all of the events 
which have occurred during a past period of even a day 
which affect the financial position and therefore the 
profits. For example, it is well known that job labor 
reports filled out as the jobs are done are more accurate 
than if the worker tries to complete his job card at the 
end of the day. Management especially has become so 
complex that a manager cannot possibly remember all of 
the facts pertinent to his decisions. Imagine trying to 
remember the load (hours of work) for even 10 machine 
centers, with jobs being completed and new ones arriving 
constantly; and this is only part of a shop order control 
manager's job. Files are necessary if the data required to 
run a modern business are to be available. 

But since the memory of the business must now be in 
a mechanized form, recorded by some physical process, 
management has to be very specific about how the files 
are kept and how they are used. 

After all, files are kept basically to allow management 
to get the data it needs to make decisions, not for the 
sake of data processing groups! So it is up to manage- 
ment to define the basic facts about the files; namely: 

1. What files should be kept? 

2. Exactly what data should be maintained in the files? 

3. How up-to-date should the files be, that is, how often should 

they be processed? 

4. What data should be extracted from the files for reports 
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and how should the report data be prepared (summaries, 
statistical analyses, etc.)? 


Actually, management usually does not completely 
specify the file structure in this way. All they snould 
have to do is define the reports and data required and the 
frequency with which they will be required, and the 
way they will be used in decision-making (step 4). Then 
an experienced data systems designer can decide the most 
economical way of establishing the files (steps 1, 2 and 
3) to obtain these outputs. 

Having decided that files are the memory of the busi- 
ness one might ask, why have a memory? There are 
several reasons. Memory permits comparisons, it allows 
the association of data about different aspects of the 
business, financial and physical; and finally it per- 
mits better control. 

There are three ways in which files are used to make 
comparisons: 


1. Files permit one to compare the order for an activity or a 
financial transaction, with the actual result. This is vital to 
the control of the, activity. If it were not possible to re- 
member what the orders were in some easily accesible wav, 
it would not be possible to determine if the proper actions 
had been accomplished. For example, one would not want 
to go out into the shop to find a particular shop order docu- 
ment to see what its progress is. Instead, one sets up a file 
giving the key data about the order and then posts progress 
report data to it, «0 that to determine progress it is only 
necessary to consult the file (if the data processing sys 
tem is accurate and timely). 
Files permit the comparison of present status with budgeted 
position and with policy. (This is the same type of function 
as in |., except at a higher level of management.) If manu- 
facturing management has made it a policy that not more 
than 40% of the fabrication in the machine shop should be 
sub-contracted it is necessary to file the data about each job 
including whether it is done in the plant or not. This data 
can then be summarized at the proper time to obtain the 
percentage of jobs actually sub-contracted. 
Files allow the comparison of past results with present re- 
sults. It would be impossible to make this comparison with- 
out filing, or storing the information about past events 
somewhere. The comparison with past events and previous 
statistics is important for two reasons, First, in complex 
situations, often the guide to future action is based on past 
history, i.e., on experience or quantitative “know-how.” For 
ample, it is difficult to set sales quota in a small-volume, 
business from market surveys. There is 
not a large enough sample to make~a survey significant. In- 
stead, management must use previous years’ sales statistics to 
judge performance. Second, comparison of the past with the 
present allows the calculation of trends, which in turn make 
possible some estimates of what will happen in the future. 


Files are used extensively to permit the association of 
data obtained from various sources. For example, we 
wish to compare an employee's time card data with his 
hours reported on job cards. Or, it is usually necessary to 
correlate the receipt of material from a vendor (data 
obtained from receiving at one time) with the cost of 
the material (data received from accounts payable at 
another time) ; so that when the material is used in fabri- 
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‘ating a part, the cost of the part can be computed. In 
other words, the file retains data until all phases of a 
transaction are completed; it compensates for time 
delays. 

The fact that management and other reports are only 
required periodically and vet data for some reports are 
being generated continuously means that the data must 
be held (filed) somewhere. Reports of progress on the 
jobs in a shop come in whenever an operation is complete, 
but the procedure might be to cheek the progress and 
prepare behind-schedule reports only weekly (for ex- 
ample) so that during the week the progress report data 
Is filed. 

(For those with an engineering background, the rela- 
tionship between files in a business and storage devices 
or integrators in a servo-mechanism will be recognized. 
Servo integral control systems and other forms of control, 
even those which include a computer in the loop, are 
much simpler than any business system. Nevertheless, 
there is hope that some day analytic techniques will be 
available for use in business systems just as they now are 
in serve systems. It must be recognized that at the pres- 
ent time, the design of a production control system is 
largely an art.) 

To summarize the nature of business file systems, it Is 
useful to think of files as an analog of the actual business 
activity. The data about the business: the capital used, 
the decisions made, the aetivity that actually occurs 
(both services and material processing), and the financial 
results of the activity are all recorded in files. Thus at 
any moment the files refleet the actual status of the 
business. With this analog it is then possible to manipu- 
late data and extract it so that management can get a 
picture of the status of the business which in ancient 
times a business manager obtained by “walking through 
the shop.” 

A production control syste n consists of an analog of 
the production processes, which means it contains the 
production control files, and the processes for: 1. main- 
taining the files current, 2. processing the file data to 
obtain desired reports and 3. decision-making people who 
actually exercise the control by 4. issuing orders. 


WHAT FILES ARE REQUIRED? 


Having decided that some files are required, the ques- 
tions are: For what data will files be kept? In what se- 
quenee, and what data shall be recorded in these files? 
Any production control system now in use will have 
many files, for example; raw material files, parts in- 
ventory files, sales or‘er files, cost accounting files, 
employee labor files, machine tool files, ete. On the other 
hand, there may be data gathered and reported upon 
that never actually appears in what might be thought of 
as file form. For example, a report of production require- 
ments might be issued monthly. This may be regenerated 
each month from the basic customer sales orders. Should 
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a file of parts requirements be maintained? To answer 
these questions, let us ask: What are the basic entities in 
a production system about which we must have data? 

The basic entities in Production Control are shown in 
Table 1. 

We do not include vendors in these basic files, since it 
is presumed that purchasing (outside of production con- 
trol} makes all choices of and contact with vendors. 
Purchasing files of course interrelate with production 
control files. Also not included are such entities as stock- 
holders and creditors, and others which come in only 
when discussing higher levels of management or other 
funetions, such as accounts payable but not production 
control. Engineering “entities” such as (possibly) a cata- 
log of design techniques known, are not the concern of 
production control. The engineering and manufacturing 
engineering data as to how to build a certain item is part 
of the data relating to that item and would fall in cate- 
gory 4 of Table 1. 

Thus it is contended here that, conceptually at least, 
only seven files are required in the production control 
process. In what follows we discuss briefly how the nor- 
mal production control processes fit into such a file 
system. The next section covers how the financial. fune- 
tions are related to these files. 

To show that these seven files will fulfill all production 
control requirements we have to show that they can con- 
tain sufficient data 1. to make all required management 
decisions (at least those which occur with any frequency, 
say yearly or oftener); 2. to meet all legal requirements, 
in particular in respect to preparing proper payrolls, 
paying vendors, shipping proper item« and providing re- 
quired government reports. A little study will show that 
the physical control processes can be accomplished with 
these files, if each file contains sufficiently complete and 
current data. 


FINANCIAL ASPECTS OF FILE DATA 


The financial data associated with a physical process, 
a material item or an act of service measures the mone- 
tary value of same. The value of the item is actually de- 
termined only when the price is agreed to by the 
customer. This may be either before or after the item (or 
group of items) is made. In order to permit management 
to control the operation it is desirable to know the “cost” 
of the item; which is to say, the monetary value of the 
services (including labor) and materials that went into 
the item. This cost is management's estimate of the 
“value.” The cost may be determined in two ways: by 
accumulating the costs as they are incurred or by allo- 
cating the total costs after the item is completed, or by 
a combination of the two. However, it is not always 
possible to accumulate costs as they are incurred. This 
is because of material waste, and because of the gen- 
eralized nature of some services within the company, 
such as rent. 


493 


TABLE 1 
Basic Files for Production Control 


File Sequence 
by customer name or code number 


1. Customers 


2. Equipment owned or rented by type and serial number 


(this includes plant, machines, tools, 
trucks, etc.) 


3. Operations 
(a catalog of processes which can be 
performed, including material processes, 
inspection, moving and handling, and 
services, such as, making estimates) 


4. Materials 
(raw material, semifinished and finished 
parts and assemblies, general supplies, 


fuel) 
5. Orders order number 
(to perform specific operations on spe- 
cific material) 
6. Employees employee number 
7. Accounts account number 


(temporary files) 


Since all costs incurred by a company must be covered 
by income from products made (insofar as a manu- 
facturing business is concerned) all costs must be associ- 
ated with the products made. Even when a part is sitting 
on a shelf it is accumulating cost. Presumably, on the 
average, the product price exceeds the cost. It is assumed 
here that the purpose of a cost account is to allocate 
costs to items in such a way as to give management the 
data it requires to control costs and make estimates and 
so to maximize profits. Cost accounting has two aspects, 
1. data processing; gathering and allocating costs and 
2. establishing the methods of allocation. 

The methods of allocating costs are in the area of 
finance, but they also affect the data available to pro- 
duction management for controlling the production 
processes. Therefore, it is legitimate for production 
management to influence the methods of cost accounting, 
and to include the cost accounting data processing within 
its area, if that is the most economical way to get the 
required timely cost data. We, therefore, consider pro- 
duction costs further. 


MATERIAL COSTS 


If there were no scrap or waste, the determination of 
material costs would be straight-forward. In the presence 
of waste factors, it is necessary to apportion the cost of 
the wasted material to the items produced. 


SERVICE COSTS 
If services were paid for only when they directly 
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operation number 


material number 


Kame Duta 
orders placed, shipping address data for de- 
mand statistics, dollars on order, billing 
data, credit rating 
desernption, cost, depreciation, capabilities, 
location, future load or useage data, maimn- 
tenance records 
description, standards of performance and 
cost, actual performance and cost, how jeer- 
formed, where performed, equipment and 
labor skills required 


description, directions for fabricating, stand- 
ard and actual cost (including incentives), 
quantity on hand and on order, useage data, 
location 


operations, sequence, due dates, material re- 
quirements, cost accumulations, status, loca- 
tion 


identification, skills, availability, rate of pay, 
present assignment 


identification, amount 


affected a produced item, then the costing would be 
straight-forward. Actually many services are paid for on 
a time basis, and the number of items produced per unit 
of time varies, that is, there is wasted time. Furthermore, 
where several items are affected by the same service, 
it is sometimes difficult to decide how much of the service 
is apportionable to each. In both cases then there is a 
problem of allocating service charges. The generally 
used accounting procedure is to accumulate all of the 
charges which cannot be related directly to a productive 
process in separate accounts, called “overhead” accounts. 
After a certain period, the accumulation is then allocated 
to the units produced during that period. The method of 
allocation is a management decision, and it is not our 
purpose here to question any particular method of allo- 
eating overhead. Allocation in proportion to direct labor 
hours, and/or machine hours is common. A choice has to 
be made also of the various overhead accounts that will 
be set up: for example, will the cost of rejected parts be 
accumulated as part of general factory overhead, or ac- 
cumulated separately for each lot? This again is a man- 
agement choice. 

The net effect of overhead allocations is that certain 
costs cannot be associated with the record of a produced 
unit until sometime later, that is until the end of the 
period when the accumulation is to be allocated. 

One other source of delay in assigning costs is that the 
cost of services rendered by vendors is not known exactly 
until they submit an invoice, which may be some time 
after the materials are received. 
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If it were not for these delays, it would be possible to 
accumulate the cost of each item produced as it is pro- 
duced. Even with these delays it is possible to aeeumu- 
late estimated costs for each item produced. Where the 
cost is required soon after each step of production, then 
the delayed costs can be estimated, and corrected later 
In Variance accounts which one hopes are small. 

As a result of the necessity for overhead or aceumula- 
tion accounts, the seventh set of files is actually re- 
quired, a file of accounts. Charges are added to this 
account, and later removed to be allocated to records 
relating to particular items. 

Probably the most important pomt is that the cost of 
an item is just another characteristic of the item, similar 
to its part number, its quantity, its size, ete. The cost can 
be retained in the same file reeord as all of the other 
items of information about the part or assembly. There 
are only two reasons for not keeping cost data in the 
same file as other data: 1. it is shown that data processing 
costs are lower, if a separate file is maintained, or 2. a 
separate file is required for reasons of internal control, 
that is to reduce the chances of error and fraud. In gen- 


eral, separate files are justified where manual or tabu- 
lating data processing equipment is used for both reasons, 
but usually not where electronic data processing equip- 
ment is used, 

In concluding this part of the discussion on the fi- 
nancial aspecta of files, we can summarize by stating 
that, in principle? the financial data ts a part of the seven 
basic files previously described. | 


SUMMARY OF FINANCIAL FILE CONTENT 


Included in the customer files are these financial data: 
dollar value of units on order, accounts receivable data 
and credit data. As far as a production control system 
is concerned, however, the customer file does not need to 
carry any financial data. 

Included in the equipment-owned file would: be the 
original and depreciated value of equipment, burden 
rates for use of the equipment, ete, The one quantity im- 
portant to production control is burden rates, the cost of 
using this equipment either per unit of time or per unit 
produced. «(Management levels higher than routine pro- 
duction control determine the methods of setting this 


inactive Items 
Materiel Usage Reports 
ete. 


review 


Fie. 1. Customer Order Processing 
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Fic. 2. Processing a Receiving Report 


rate; financial and production management would set 
specific rates according to these methods. ) 

In the operations file, the basic financial data required 
are the standard and actual costs of performing the opera- 
tion. The standard is a figure against which to compare 
costs. Industrial Engineering would be responsible for 
determining these standards, generally. 

In the materials file, the present cost of the material 
would be carried. This cost includes the original acquisi- 
tion cost and all subsequent costs such as direct labor, 
direct material, machine use (burden rate) costs and all 
“overhead” costs properly allocable to the item. It should 
include, therefore, storage and inventory carrying costs. 


If there is an assembly in the stockroom about to be 
shipped, then the cost associated with this assembly will 
reflect the total cost of the item (except perhaps for some 
shipping costs). The cost of a purchased component part 
will reflect its purchase cost, plus purchasing, inspection, 
handling and storage costs to date. In practice purchas- 
ing, inspection and storage costs may be allocated at a 
later point. (It should be noted that the advent of elec- 
tronic computers makes the allocation of such charges to 
individual items on a frequent (daily or weekly) basis 
feasible.) 

Finally as stated above, there may be a set of files 
which temporarily hold accumulated costs (e.g., cost of 
operating a cleaning bath) before they are allocated (in 
this case, to all of the parts cleaned in a certain period 
according to size). 


THE RELATIONSHIP BETWEEN FILES AND TRANSAC.- 
TIONS, REPORTS AND DATA PROCESSING 

Having discussed the nature of files and of a produc- 
tion control system, next we look into how data gets into 
and out of the files, to accomplish the information proc- 
essing implied by a production control system. 

In Figure la, we have portrayed the activities that 
take place. as a result of the receipt of a new customer 
order. We are following a transaction flow. We note that 
as the information obtained from the customer order 
(and other sources during the processing) is processed, 
several files are affected. Noted that during this sequence 


Function 


. Maintain current location and status of all work-in-process 


. Detect exceptions (cost, move, rate of progress, incorrect 
job, etc.) and report 

. Analyze whole file weekly and prepare status report. 

. Prepare information for other computer runs (inventory 
transactions, variances in time standards, current status for 
shop scheduling run, manufacturing history run). 


Fic. 3. Work-in-process File Run 
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Fic. 4. Processing Shop Reports—-Typical of Present Methods 


there are created, in effect, new transactions as a result of 
decisions made. For each transaction, we go through the 
steps of interpretation, making a decision, posting to a 
file and issuing an order 

If we follow a feedback transaction, such as a re- 
ceiving report, as shown in Figure 2, we go through the 
steps of recording, communicating, posting to a file, look- 
ing for exceptions and reporting. A study of production 
control requirements will permit a listing of all imputs 
and outputs and the files they affeet. One can then isolate 
each file and determine all of the activity that relates 
to it. Figure 3 shows the activity which might relate to 
the shop order file. One of the principal differences be- 
tween various production control systems is the particu- 
lar files which have been established. Once the files are 
chosen, the processes which relate to them follow rather 
definite patterns, if a complete production control system 
is to result, 

In Figure 4 the fabrication control or shop-order con- 
trol function is shown being processed in three files: one 
for physical control, one for financial control and one 
related to quality and time standards. In Figure 5 all 
data relating to a shop order is processed through one file. 
The design of a production control data system should 
start by assuming the seven consolidated files described 
earlier. Fracturing or partitioning of the files may be 
required during the design of the system, in order to get 
a practical data processing procedure. However, fractur- 
ing a file without sufficient justification results in in- 
creased data processing costs and loss of control because 
of the following reasons: 

1. With fractured files additional data processing steps to 
communicate data between files are required, and each entry 
to a file, extraction from a file and communication between 
files costs money. They also introduce time delays and 
errors. 

2. Therefore, data for decision-making and control is delayed. 

3. More data must be filed because descriptive data, at least, 
must be duplicated. (The part number must be in both the 
cost accounting and physical inventory file, if they are sepa- 
rate.) 


‘ 
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4. Additional accuracy checks are required to insure that all 
files are the same. 

5. For the more complex decisions, several files must be en- 
tered to obtain all of the pertinent data. For example, to 
make a decision as to whether and how many more of a 
certain part to order, we must have data as to (a) present 
inventory, (b) on order status, (¢) requirements, (d) unit 
coat and (e) lead time. If these are filed in an inventory 
file, a purchasing file, a customer requirements file, a finan- 
eal inventory file, and a manufacturing data file, then the 
process of getting all the data together for a decision is long 
and expensive. 


It is important, therefore, to start the design with con- 
solidated files, and to retain them unless the economies 
of the data system clearly indicate otherwise. 


post; com- 
pare dates, 


report | 
of shop 


quan.; accum- 
ulated cost; 


reports of 
all excep- 
tions by 
job ,type 


Fic. 5. Processing Shop Reports—Consolidated File 


SUMMARY 

Files are basic to complex information systems, of 
which production control is a prime example. By retain- 
ing and keeping up-to-date the proper physical and fi- 
nancial data in files, management has the data available 
to control operations and to serve as a basis for effective 


decisions. 
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A Mathematical Method of 


Equipment Location 


by R. J. WIMMERT 


Associate Professor, Department of Industrial Engineering, University of Florida 


Tue need for a quantitative method of locating equip- 
ment in the intermittent manufacturing plant has been 
recognized by Industrial Engineers for a long time. Until 
relatively recently, the only techniques available to the 
engineer have been various types of schematic models: 
process charts, process diagrams, two-dimensional tem- 
plates, and three dimensional models. The very nature of 
schematic models requires the Industrial Engineer to de- 
velop and to evaluate alternate layout proposals by rely- 
ing primarily upon his judgment and experience. Within 
the last few years more objective methodologies have been 
proposed by various people, but in the aggregate even 
these techniques rely to a great extent upon subjective 
evaluation. It is highly questionable whether judgment 
ever can be completely eliminated from Industrial En- 
gineering. It is the opinion of the author that the following 
location technique will reduce.the judgment factor to a 
minimum consistent with the assumptions made with the 
selected criterion. 

To explain the proposed methodology, it will be neces- 
sary to discuss the properties of a special matrix that must 
be used. This will be done first, followed by an illustrative 
example and finally the mathematical proof of the matrix 
properties will be discussed. 


increasing numerical value, the following would be true. 


X,,—-would appear in (n—1)! combinations of the 
ranked list before any other X,, term. 

Xo, & X,..-1--would appear in (n—1)! combinations 
of the ranked list before any other X, term except 

Xan & & appear in (n—1)! com- 
binations of the ranked list before any other A, 
term except those noted above. 


In general, the X,, terms falling on the diagonals further 
from the main matrix diagonal will appear in the ranked 
list (n—1)! times before the terms falling closer to the 
main diagonal. This order of occurrence is shown in Fig- 
ure 2. 

In order to show how this matrix property can be 
utilized consider the following illustrative example. 


ILLUSTRATIVE EXAMPLE 


A job-lot manufacturing company contemplates be- 
ginning a new operation within an existing building. It 
desires to place its four manufacturing machines in the 
four available areas in such a manner as to minimize the 


Figure 1 depicts the special type matrix used in deter- B, B, B, B a 
mining the optimal equipment location. The row headings 
are given in the general case a A;, Ao, ..., A,. Numeri- “1 | [te 
cally these have monotonic nonincreasing values. Simi- A2 » | 
larly, the column headings are given in the general case is 
as B,, B:,..., B,. Numerically these have associated 
with them monotonic nondecreasing values. The matrix 
cell values are the product of the corresponding row and te 
column headings; i.e., X,;=A,;-B;. In a square nXn | 
matrix such as Figure 1, there is a total of n! combinations , ' 
of X,; terms in which exactly one X,; term is used from 
each row and each column. Every term in the matrix will An | | | 
be used in (n—1)! of the total n! combinations. If all of 
the n! combinations of the X,; terms (one from each 
column and each row) were listed or ranked in non- 
Where: A. Bo & te monotonic nonincreasing. 

' Based upon portions of a Ph.D. thesis written by the author 
while in the Department of Industrial Engineering, Purdue Uni- jwi, is monotonic nondecreasing. 
versity, 1957. The author would like to express his indebtedness 
to Professors Amrine, Hicks, and Young of the Department of Xj F A,B, 
Industrial Engineering, Purdue University for their aid in de- 
veloping this work. Fid. 1, Special Matrix 
498 The Journal of Industrial Engineering Volume IX - Ne. 6 
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l 2 3 4 5 6 7 8 9 
I 6 5 4 3 2 l 
2 6 5 4 3 2 
3 6 5 4 3 
4 6 5 4 
5 6 5 
6 6 
7 
8 
9 


ria. 2. The Order of Oecurrence of Matrix Termes 


Main Minimizing Diagonal 


total inter-department material move distance.* Although 
the company anticipates producing a myriad of different 
products, its product line can be classified into five major 
processing classes. The products falling within each class 
have substantially the same operation sequence, the dif- 
ferences between products being the size, color, ete. The 
monthly sales estimates and the operation sequence for 
the five product classes are shown in Figure 3. 

The number of products moving between the various 
machines during a month must first be determined. To 
solve this problem, square matrices similar to the travel 
charts proposed by Cameron can be used.’ The origin of 
the product flow will be shown as row headings. The 
main diagonal of these matrices must obviously contain 
only zero’s since we are interested only in inter-depart- 
ment moves. In Figure 4 the monthly product flow for 
each class is shown. 

In order to determine the number of material hahdling 
equipment moves necessitated by the product flow, it ts 
necessary to divide the numbers appearing in Figure 4 by 
the number of units making up an average move quan- 
titv. These figures would naturally depend on the size, 
shape, skid arrangement, ete., found in the actual situa- 
tion. By the process of matrix addition the total number 
of material handling equipment moves between the vari- 


? The criterion selected for this illustrative example is the total 
number of feet of material movement. It should be noted by the 
reader that this is only one of the many criteria suggested by the 
authorities in plant layout. The minimizing matrix can be used for 
many of the other criteria without modification. 

*Cameron, D. C., “Travel Charts--A Tool for Analyzing 
Material Movement Problems.’ Modern Materials Handling, 
January 1952, Vol. 7, pp. 37-40. 
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ous machines can be ascertained. Since the criterion of 
minimizing move time is to be used, the direction of 
material flow is unimportant. The directional orientation 
appearing in the matrix is eliminated by adding the 
numbers appearing in the portion below the diagonal to 
the corresponding cells above the diagonal. In Figure 5, 
the result of the above mentioned operations is shown. 
This array indicates the total number of equipment load 
moves between the various machines. 

The next problem that must be resolved is the deter- 
mination of the distances between the work areas avail- 
able for the four machines: turret lathe, drill press, milling 
machine, and inspection. This could be done by physi- 
cally measuring the distance in the shop or by use of the 
available layout drawings. For this illustrative example, 
the distance shown in Figure 6 will arbitrarily be used. 
They have no significance other than convenience. 

The entire illustrative problem is graphically summar- 
ized in Figure 7. The layout engineer must arrange the 
four pieces of equipment in such a manner as to minimize 
the summation of the product, material handling equip- 
ment loads times distances, i.e., 


Minimize MD=)°(L)(D) 

Where total equipment move distance 
L=material handling equipment loads being 
generated at the machines 
D = distances between available area locations 


Many of the classical operation research techniques 
could be considered as possible methods of solving the 
equipment-location problem. In their present state of de- 
velopment, these techniques cannot cope with a combina- 
torial problem of this nature. The properties of the matrix 
shown in Figure | will allow the systematic determination 
of an optimal or a near optimal machine-location arrange- 
ment. 

In Figure 8, the loads between machines are arranged 
in & monotonic nonincreasing fashion from top to bottom, 
the distances between locations are arranged in a mono- 
tonic nondecreasing fashion from left to right. This matrix 


PRODUCT MONTHLY OPERATION 
CLASS REQUIRE MENT SEQUENCE 
Unite T.L. M.M. Inep 
65 Unite T.L. M.M. Inep 
7S Unite MM. -O.P.-T.L. -D.P. ~ Inep 
‘ 120 Unite T.L. MM. T.L. + nop 
5 45 Unite MM -+-T.L. MM. - 
T.L. Inep 
7.4 Turret Lathe 
MM Milling Machine 
Drill Prees 
leep Inepection Department 


Fic. 3. Production Activity and Operation Sequence 
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| 
| 
| 
| | 
| | 
| | 
| 


To To 
TL | DP |MM | Insp TL | DP | MM |Inep 
TL 0 30 TL; Oo 65 
pp 0 pp | 65 
MM 0 30 MM 
Insp 0 Insp 0 
Product Class (1) Product Class (2) 
To Io 
TL | DP | MM |Inep TL | DP MM |insp 
TL 0 75 TL 0 120 120 
3 DP 75 0 75 DP 0 120 
he 
MM 75 0 MM /|120 0 
Insp 0 Insp 0 
Product Class (3) Product Class (4) 
Ta 
TL | DP MM | Insp 
TL 0 45 45 


DP 45 0 


MM | 45 45 0 


Insp 0 


Product Class (5) 


Fic. 4. Monthly Product Flow between Machines as Determined 
from Sales Forecast and Route Sheets 


is clearly the same type as the one shown in Figure 1.‘ 
In this specific example there are 720, (6!), load-distance 
combinations possible, of which only 24, (4!), combina- 
tions would meet the restriction of one and only one 
machine associated with each location. The 720 combina- 
tions could be ranked from the highest numerical value 
to the lowest numerical value (the main diagonal, i=). 
Each one of the cells of the matrix (load X distance) 
would be used exactly 120 times [(n —1)!=(6—1)!). The 
matrix cell to be used 120 times first in the ranked list 
could be the one appearing in the northeast corner of the 
matrix; 53,960. This cell pairs the loads between the 
turret lathe and the drill press with the distance between 
location number one and location number four. Of the re- 
maining 600, [n!—(n—1)!], combinations, there are 
clearly pairings of this load with other distances which 
will give a smaller numerical value to the term >, >> «. 


‘ It is interesting to note that an optimal solution of the linear 
programming distribution problem of pairing loads with paths 
will always fall along the main diagoual of this specialized matrix. 
This property of the matrix could become valuable in certain 
linear programming problems other than equipment-location. 
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It is evident from Figure 8 that of the 24 feasible com- 
binations, all may be eliminated in which the loads be- 
tween the turret lathe and the drill press use the path 
between locations one and four. From the 24 feasible 
combinations, the following set cf combinations should 
be discarded. 


(7.L.-D.P.)—(1-4) 


D.P—4 M.M.—2 Inep.—s3 
2,.7T.L—1 D.P— M.M.—3 Insp.—2 Eq. 
3. T.L— D.P.—1 M.M.—2 Inep.—3 
4,.7.L—4 D.P—1 M.M.—3 Inap.—2 


It should be noted that the equipment-location combina- 
tions are discarded as a group and not as a single com- 
bination. It is this property that makes this technique 
applicable to larger problems. 

From Figure 2, it is known that the next two cells ap- 
pearing (n—1)! times! in the ranked list, could be 
(T.L.-D.P.)—(2—4) and (D.P.-M.M.)—(1-4), thus elim- 
inating the machine-locations combinations: 


(7.L.-D.P.)—(2-4) 


1. T.L.—-2 M.M—1 Inep—3 
2.7T.L—2 D.P.—4 M.M.—3 Inep.—l 
4.7T.L—4 D.P—2 M.M.—3  Inep.—t 
(D.P.-M.M.)—(1-4) 

1. D.P.—1 M.M.— Insp.—3 
2,.7T.L—3 D.P.—1 M.M.—4 inep.—2 Ko. 3 
4.7.L—3 D.P— M.M.—1 Inep.—2 


Using the same procedure on the next diagonal, the 
following feasible combinations are eliminated. 


LT.L—8 D.P— M.M—1 Inep.—2 
2.7.L—3 D.P.— M.M.—2 Inep.—t 

T. DP MM INSP 

TL 0 380 240 165 
DP 0 305 75 
MM 0 95 
INSP 0 


Fia. 5. Total Loads between Machines—Nondirectional 
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3.TL— D.P—3 M.M—1 Inep—2 Ee. 4. 
D.P—3 
(D.P.-M.M.)—(2-4) 
D.P—2 M.M—4 
2.7T.L—3 DP.—2 MM—4 Inp—l 
DP—~ 
D.P— M.M-3 
DP—2 
2.7.L.—1 D.P-—3 M.M.—4 Inep.—2 Eu. 6 


Similarly the fourth diagonal shows the following com- 
binations as being undesirable. 


(7T.L.-D.P.)—(2-3) 
T.L—2 D.P.—3 M.M—1 Inep.t 
2. 7.L--2 D.P—-3 M.M-—4 Inep.—l Ka. 7 
.T.L—3 D.P—2 M.M—4 Inep.—l 
D.P-—3 M.M.—4 Inep.—2 
2, T.L—2 DP—3 MM—4 Inp—l 
M.M.—3 Inep.—l 
(T.L.-M.M.)—(2-4) 
1. T:L.—2 D.P—1 M.M.—A Inep.—s3 
2. 7.L.—2 D.P—3 M.M.—4 Inep.—l Eo 
D.P-—3 M.M.--2 Inep.—t 
(T.L.-Inap.)—(1-4) 
L?TL—) 
2,7.L—1 D.P.—3 M.M.—2 Inep.— Eo. 10 
D.P—3 M.M.—2 Inep.—t 


Through the process of eliminating the above men- 
tioned combinations from a list of the 24 feasible machine- 
location combinations, only the optimal solution re- 
mains,® 1.e., 


T.L—3 D.P—\ M.M—2 Inep—4 Ea. 11. 


* The reader may check this by calculating the total distances 
for each of the 24 feasible solutions. 
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tions, as 


Loc. 


Loc 
Loc. 
Lec 


Fria. 6. Distances between Available Locations 


It should be noted that the numerical values of the cells 
were not used in obtaining the solution. Only the cell 
positions are required to apply this technique of finding 
the optimal solution.* 

The met _ of listing the equipment-location combina- 

y are eliminated from consideration, would 
quickly become unmanageable as the number of machines 
is increased. It is therefore necessary to devise another 
method of recording the undesirable arrangements as they 
are discarded. Such a method has been developed, but to 
understand the basis of the method it is first necessary to 
consider certain properties of the equipment-location 
combinations. 

In an equipment-location problem in which n machines 
are to be arranged in n different locations, there is a total 
of n! arrangements possible. Each of the n machines 
would be associated with each location exactly (n—1)! 
times. If it could be shown that with any machine placed 
in a specific location, the remaining (n — 1) machines could 
not be associated with one or more of the other locations, 
clearly the machine under consideration could not be 
placed in the specified location. Consider the following 
CASeS : 

Case 1— Assume machine A is given as being placed in 
location a and that it has been shown that the other 
(n—1) machines could not be placed in some other loca- 
tion 8. In such a situation, it is obvious that machine A 
cannot be placed in location a. 


* It should be noted that under certain conditions this minimiz- 
ing technique may lead to a near optimal solution rather than 
optimal. It will be proven with the inequation 34 that for the 
general matrix shown in Figure 1, the northeast corner cell can 
be used in (a — 1)! combinations of the ranked list of n! combina- 
tions before any other cell of the matrix. There is no assurance 
that it will be used in the first (n — 1)! combinations. It is possible 
that various combinations including, as an example, the cells 
X\..1 or Ny. might appear in the ranked list prior to the com- 
binations including the cell X,. have been exhausted. It is possi- 
ble, although unlikely, that the higher valued combinations of 
cells falling on diagonals closer to the main diagonal may include 
all of the feasible equipment-location combinations associated 
with these cells. For this possibility to occur, the numerical dif- 
ference between the cells appearing on different diagonals would 
have to be small. This would mean the alternative solutions would 
have almost the same numerical value. Clearly, as the number of 
machines under consideration increases, the likelihood of this 
event occurring decreases. 
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Loc. | Loc : Loc Loc. 4 

| 0 44 54 142 

2 o2 140 
4 0 | 
— 


| 140 
Loc. 3 88 Loc. 4 


Fic. 7. Graphical Representation of the 
Equipment-Location Problem 


Case 1]—Assume machine A is given as being placed in 
location a and it has been shown that all of the remaining 
machines, except B, cannot be placed in locations 8 and 
y. Machine B could be placed in either location 8 or vy, 
but there would be no machine available for the remain- 
ing location. It must be concluded that machine A cannot 
be placed in location a. 

Case I1J]—Assume machine A is given as being placed 
in location @ and it has been shown that all of the remain- 
ing machines, except machine B and machine C, cannot 
be placed in locations 8, y, or x. Machines B and C could 
be placed in any two of the three locations, but there 
would be no machine available for the remaining location. 
It must be concluded that machine A cannot be placed in 
location a. 

The same restricting condition can be developed for the 
situation in which machine A is given as being placed in 
location a, and it has been shown that all of the remaining 
machines, except for (@— 1) machines, cannot be placed in 
¢@ locations. Since the number of machines, (@¢—1), is 
smaller than the number of locations, ¢, machine A can- 
not be placed in location a. 

In the preceding section, it has been shown for the 
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general equipment-location problem of n machines and n 
locations, that given one machine fixed in any specified 
location, then the given machine cannot be placed in the 
specified location, if it can be shown that (n —@) machines 
cannot be placed in ¢ locations. This basic property of the 
equipment-location combinations will be utilized in the 
following tally system of discarding undesirable machine 
arrangements. 

Consider the load-path matrix for the illustrative prot- 
lem reproduced in Figure 9. The elimination of the north- 
east corner cell, (7.L.-D.P.)—(1-4), has been shown in 
I’q. 1. to eliminate the following arrangements. 


M.M—2 Inep.—3 
M.M—3 Inep.—2 


D.P.—A 
D.P.—4 


Eq. 12. 

T.L.—1 
Considering the drill press fixed in location four, the tur- 
ret lathe could not occupy location one in the minimizing 
arrangement. 

The cell (7.L.-D.P.)— (2-4) is among the next group of 
cells to be eliminated. As indicated in Eq. 2, the following 
equipment-location combinations are discarded as possi- 
Lle minimizing solutions. 


D.P.—4 
D.P.—4 


M.M.—1 
M.M .—3 


Insp. 3 


Insp.— 1 13. 


2 
T.L.—2 
Again considering the drill press fixed in location four, the 


turret lathe could not occupy location two. Similarly, the 


discarding of cell (7.L.-D.P.)—(3-4) automatically 


eliminates. 
T.L—3 D.P.—4 MM—1\ Insp—2, 


If the drill press is fixed in location four, then clearly 
the turret lathe cannot be in location three. The elimina- 
tion of these three cells, also eliminates the possibility of 
the turret lathe being in three different places when the 
drill press is in location four. Considering this in the 


generalized restriction already developed: 
n=4 @¢=3 


(n — @) = (4-3) = 1 


Clearly, the drill press cannot be placed in location four. 


1-2 1-3 2-3 1-4 

44 s4 62 468 140 
T.L. - D.P. | 300 | 16,720 20,520 23,560 33,440 $3,200 $3,960 
D.P. - M.M.| 305 | 13,420 16,470 18,910 26,860 42,700 43, 310 
T.L. - M.M. | 240 | 10,560 12,960 14,880 21,120 33,600 34,040 
T.L. -Inep. 1165 | 7,260 8,910 10,230 14,520 23,100 23,430 
M.M. -Inep.| 95 | 4,180 5,130 5,990 8,360 13,300 13,490 
D.P. -Inep. | 75 | 3,300 4,050 4,650 6,600 10,500 10,650 


Fico. 8. Load-Path Matrix—lIllustrative Problem 
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240 75 
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1-2 3 2.3 1.4 
T.L. - D.P 
DP. -~M.M 
TL. «~M.M 
TL. Inep 
MM. inep 
D.P. Inep. 


Fria. &. Load-Path Matrix 


Fixing the turret lathe in location four and applying the 
same logic, the turret lathe could not be placed in location 
four. A simplestally system could be used to keep track of 
these conditions as they arise. Figure 10 shows the first 
row of the load-path matrix with the appropriate tally 
marks to one side. The tally marks were generated in the 
following manner. Every time the loads between the drill 
press and the turret lathe were associated with the paths 
between two locations, a tally mark was placed in the drill 
press and turret lathe row under the two location columns, 
As an example, when the cell (7.L.-D.P.)—(1-4) was 
eliminated, a mark was placed in the turret lathe row in 
column one and four. Similar marks were placed in the 
drill press row. Marks were.placed in both the turret lathe 
row and drill press row in columns two and four, when 
eell (7.L.-D.P.)— (2-4) was eliminated, ete. To under- 
stand the significance of the marks, consider only the 
drill press. A tally mark in column one indicates that, if 
the drill press had been associated with location one, the 
turret lathe could not be associated with some other 
location. A second tally mark in the square would indicate 
that, if the drill press had been associated with location 
one, the turret lathe could not be associated with some 
other location. Since the paths between the different 
locations never repeat themselves in the load-path ma- 
trix, clearly this second mark indicates that the turret 
lathe has been disassociated with two different locations. 
A third tally mark in the same square would indicate that, 
if the dnill press had been associated with location one, 
the turret lathe could not be placed in a third different 
location. It has been shown that, if the drill press is fixed 
in location one and the turret lathe could not be associ- 
ated with three other locations, the drill press could not 
be in location one. Obviously, three tally marks in any 
column would indicate that the machine could not be 
associated with that location. The number of tally marks 
appearing in this first row location table that would 
elmninate the machine from any given location can be de- 
jermined by (n—@), where @ must have the value of one 
since only two machines are under consideration. In the 
example this would be (4-1) or 3 as previously shown. 

Figure 11 shows the first two rows of the load-path 
matrix with the appropriate tally table on the side. The 
number of tally marks necessary to eliminate the milling 
machine from any specified location is (n—@) where 
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@=1. In this example three marks would be sufficient. 
‘The same is not true for the third row down, titled drill 
press. Since the cells in the load-path matrix are being 
eliminated along diagonal lines, each tally mark in this 
second drill press row indicates two different machines 
have been eliminated from some position. As an example, 
assume the drill press is in location one. The first cell 


eliminated (7.L.-D.P.)— (1-4) would give one tally mark 
in column one in the first drill press row. The second 
group of cells eliminated would include (D.P.-M.M.) 

(1-4). A tally mark would be placed in column one of 
the second drill press row. This mark would mean, if the 
drill press is in location one, two machines, turret lathe 
and milling machine, have been eliminated from position 
four. The number of tally marks required in this second 
drill press row to eliminate the drill press from a specific 
location will be (n—@) where @ has a value of two, cor- 
responding to the two other machines. In this problem it 
would be (4-2) or 2. Since none of the loads between 
machines are ever repeated to the load-path matrix, the 
number of tally marks required to eliminate any machine 
from any location could be generalized into the following 
values. 


No. of tally 
marks required 


First row the machine appears in location 


matrix (n—1) 
Second row the machine appears in location 
matrix (mn — 2) 
Third row the machine appears in location 
matrix . (n-3) 
(mn 


ith row the machine — in location matrix 
(n—1) row the machine appears in location 
matrix 


in 
The modification of the load-path matrix shown in Figure 
% into the form shown in Figures 10 and 11 is left up to 
the reader. To keep track of the various machine-location 
combinations being eliminated, it is necessary to maintain 
a simple table as shown in Figure 12. As the combinations 
are eliminated the appropriate cells are marked out. The 
end of the eliminations process is reached when only one 
possible space remains in each row and in each column. 

The preceding methodology could be used to determine 
the best equipment-location combination for problems 
involving large n’s. The load-path matrix becomes large’ 
however, as nm increases, there are various mechanical 
means of alleviating this problem. A discussion of these 
devices is beyond the scope of this paper. 


Fia. 10. First Rew of Load-Path Matrix and Ta! y Chart 


? The number of rows and columns in the load-path matrix is 
equal to n!/2(n —1)!. Even in a relatively small 50 X50 problem, 
this would mean a 1225 1225 load path matrix. 
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| 
— 


7.4L. -D.P 
D.P 
DP 
MM 


Fig, 11. First Two Rows of Load-Path Matrix and Tally Chart 


At this point the mathematical proof of the matrix 
property will be presented. 


EQUIPMENT-LOCATION MATRIX 


Considering the sum of exactly nX,,; terms, one from 
each column and each row, of the special matrix shown in 
Figure 1, we wish to prove that a minimum of ae > Xa 
is obtained when i1=/j. Since some X,; terms must be 
selected in order to satisfy the restrictions of the problem, 
the smallest X,; will be chosen, X,,. It will be shown that 
any other X,+X,,; will not be numerically smaller than 
the value of: 


2, 3, 
Xu t+ Xi; Eq. 15. 
Let 
Xu + X y= Ky; Kq. 16. 
and 
Xy + Xa = K Eq. 
Xi; Xu = A,B; A,B, = A\(B, B,) Eq. 18. 
X Xa = A.B; A iB, = A (AB, B,) Eq. 19. 
but 
Ay > A; Eq. 20. 
therefore 
A,B; A,B, > A iB; A oq. 21. 
and 


A; B, + A,B, = A,B, + A B, Eq. 22. 


hence by addition: 
A,B; + A;B, > A,B, + A.B; Eq. 23. 


but from Eq. 16. 


A,B, + A,B; = K,; Eq. 24. 
and from Eq. 17. 
A,B; + A.B, = K;;* Eq. 25. 
therefore: 
Ki;* > Ki; Eq. 26. 


It has thus been shown that a minimum of >» 2X J 
in which exactly n X,; terms, one from each column and 
each row, is considered, may have the X,, term included 
in it. The selection of any other term in either row one or 
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column one would not reduce the summation value. The 
selection of this term, X,,, would automatically eliminate 
row one and column one from further consideration be- 
cause of the restriction of selecting exactly one X,, from 
each row and column. 

The same argument can now be made for X» in the 
reduced (n—1) (n—1) matrix and so forth until all of the 
rows and columns are eliminated from consideration. It 
can thus be seen that a minimum for the >>; >>,X,, with 
the stated restrictions, would include the terms along the 
main diagonal where t=). 

It is obvious from the preceding argument that the in- 
clusion of any of the terms falling along the diagonal im- 
mediately above the main diagonal, i=), would lead to 
either the same or a larger numerical value for the sum- 
mation of the X,,; terms. 

In the n Xn matrix, there are a total of n! combinatjons 
of n X,,; terms consistent with the constraint of one X,, 
from each column and each row. Each term within the 
matrix will be used in (n—1)! combinations out of the 
total n! combinations. Let all of the n! combinations be 
ranked in a nonincreasing order, according to the numeri- 
cal value of the sum of their respective X,,’s. It will be 
shown that the first matrix term to be used in (n—1)! 
combinations of the ranked list will be X,,. 

Consider the following four terms: Xy, Xin, Ame, Ame. 


where: m=2,3,... 


Xin — Xu = — = Ai(B, — By) Eq. 27. 
Xan Xu = AnB, — = An(B, — By) Eq. 28. 
but: 
A, > Aw 
therefore: 
A,B, — A\B, > AaB, — AaB Eq. 30. 
and 


A.B; + A, Rh, = + A.B, Eq. 31 


hence by addition: 
A;B, + > y + A iB, Eq. 32. 


Let A be defined as follows: 


A= X 
‘ 


j= 1 
j takes on a unique value for each ¢. 
therefore: 
Xin + Xan Xu + AT Eq. 34. 


Eq. 33. 


Since the restrictions of the problems require one X ,; to be 
selected from row one and one X,,; from column 2, it is 
obvious from the inequation 34, that the selection of any 
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other Xy and X,,, when combined with any specified X, 
will never give a larger numerical value than obtained 
when X,, and X,. are combined with the same specified 
A. From this it may be concluded that the term X,, will 
appear first in a total of (n—1)! combinations of the 
ranked list of n! combinations. 

Consider the following four terms: Nu, Nowe, 


35. 
Eq. 36. 


but: 
Ai > Aw 37. 
therefore: 
A, Buu — > — AaB, 38. 
and 


A.B, + AR, = AR, + hq. 30. 


hence by addition: 


A,B, + > + AsB, 40. 
Let @ be defined as follows: 


> X 
‘ 


++, n —2 


Eq. 41. 


j= 1,2,: 


) takes on a unique value for each ¢. 


therefore: 


+ +O > + Xun +¢ Eq. 42. 


Since the restrictions of the problem require one X,, to 
be selected from row one, and the possibility of selecting 
X,, has been eliminated, it is obvious from the inequation 
42 that any combinations including X,.,.., and X,,. with 
any specified @ will not have a numerically larger sum 
than obtained where X,,.., and X,. are combined with 
the same specified @. From this it may be concluded that 
the term NX,,._, will be the second term in row one to 
appear in (n—1)! combinations of the ranked list of n! 
combinations. Using the same argument for the remaining 
terms in row one, it can be shown that the terms falling in 
a given column of the matrix can always appear (n—1)! 
times in the ranked list before terms appearing in the 
columns to their left. The same argument can be made for 
the other rows in the matrix and it can be concluded that 
for the terms in any row the terms falling in a given 
column of the matrix will always appear in (n—1)! com- 
binations of the ranked list before the terms appearing in 
the columns to their left. 

For the sake of brevity, the development of a similar 
argument pertaining to the matrix column elements will 
be left to the reader. It can be shown that terms falling 


N nr 
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l 2 3 4 
Out | Out Out 
D.F. Out Out Out 
M.M.j Out Out Out 
Insp. | Out | Out Out 


Fia. 12. Machine-Location Table 


toward the top of the matrix in any column, | through 
n, could appear in (n—1)! combinations of the ranked 
list before the terms falling closer to the bottom of the 
matrix. 

The above mathematical consideration clearly proves 
the validity of Figure 2. Although it is impossible to de- 
termine the cell*’s sequence of appearance in the fanked 
list, the ultimate use of the matrix properties makes this 
factor unimportant. 


CONCLUSION 


A technique of minimization of the erjterion of inter- 
work area material movement by proper equipment loca- 
tion within the intermittent manufacturing situation has 
been developed and a simplified example has been solved. 
A myriad of modifications can be made to account for 
such factors as different work area requirements for dif- 
ferent machines, the separation of incompatible processes, 
the grouping of similar machines, ete. These modifications 
are, unfortunately, beyond the scope of this paper. Even 
in its present form, this methodology provides a com- 
pletely objective equipment location technique. 
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Human Engineering: 


by CHARLES G. SCHNORR 


General Electric Company, Advanced Electronics Center, Ithaca, New York 


Popciarwep descriptions of Human Engineering 
have appeared in a wide variety of technical, trade and 
scientific publications. Added together and viewed in 
total, they give the casual reader a very confusing picture 
of the field. Most authors concede that human engineers 
do not design humans, but beyond that there seems to 
be little unanimity. 

Depending on the background and interests of a par- 
ticular author, the human engineer is depicted as a de- 
signer of aircraft, automobiles and telephones, a manip- 
ulator of men, a dedicated scientist patiently measuring 
heights and weights to find the average man, a training 
specialist, a model maker, a writer of instruction man- 
uals, a motivation researcher. Many of these thumb-nail 
sketches include equipment design and all include psy- 
chology. In fact, one would be hard put to find any phase 
of applied psychology that has not been called human 
engineering at one time or another. 

People within the field have added to the confusion by 
calling their work psychophysics, biomechanics, experi- 
mental psychology, applied psychology, human factors, 
human engineering, biophysics, biotechnology, engineer- 
ing psychology and ergonomics. They are found organ- 
izationally in groups called Systems Utilization, Reli- 
ability, Equipment and Safety, Operations Research, 
Technical Specialties, Outfitting, Aero-Medical, Person- 
nel and Training, and Industrial Design. They report to 
anyone from top management to the Manager of Engi- 
neering, a design engineer or a project engineer. 

As a point of departure for this discussion, the follow- 
ing definition of human engineering will be postulated: 
the application of the techniques and data of the arts and 
sciences of psychology, physiology, medicine and anthro- 
pology to the problems of man-machine systems design. 


HUMAN FACTORS RESEARCH 

Beside the area of direct application to equipment de- 
sign, there is an area of applied research which is unoffi- 
cially responsible for developing the data used by the 
human engineer. The work here too is directed toward 
equipment design but the connection is more remote. The 
area is coming to be called Human Factors Research and 
gives rise to some of the confusion in the popular litera- 


* Based upon a presentation to the Industrial Engineering 
Graduate Seminar, Cornell University, February 13, 1958. 
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ture noted earlier. Experimental studies of everything 
from detection thresholds through the effeets of extreme 
environments falls in this area. The work is generally 
conducted by biological scientists in industry, universi- 
ties and the military services. Human Factors Research 
stands behind human engineering in the same manner as 
apphed physics and chemistry stand behind electrical or 
mechanical engineering. 

In practice, it is sometimes difficult to separate the hu- 
man engineer from the human factors researcher. The 
two fields fall along a continuum from research to engi- 
neering and do not have unions or professional societies 
outlawing interchange. It is quite common to find indi- 
viduals recognizing problems while in the process of de- 
signing equipment and then following through to a solu- 
tion by laboratory experimentation. As a matter of fact, 
many of the people who are actually practicing human 
engineering today were originally trained as scientists 
psychologists, anthropologists, biologists. This tends to 
make the inherently vague dividing line between applied 
research and engineering even less distinct. The major 
part of this paper, however, is concerned with the engi- 
neering end of the spectrum, the direct application to 
design. 


ORIGIN AND EARLY YEARS 

The typical description of human engineering starts 
with the work that was done during World War II in 
the redesign of aircraft and submarine controls and dis- 
plays. The field certainly blossomed in that era but it is 
worthwhile to look somewhat beyond that time to see 
what conditions gave rise to it and how the stage was 
set for it. 

One could argue that human engineering has been 
practiced ever since the first crude hammer was designed 
by a prehistoric man. Certainly he considered how he 
would use the implement and consequently provided it 
with a handle. But, by the same argument he also prac- 
ticed mechanical engineering in the process of this design. 
In any case, fitting the machine to the man was an intui- 
tive and evolutionary process. Good or bad, the intuitive 
approach generally prevailed until fairly recently. 

The work of Taylor, Gilbreth and others in that era 
comes closest to what we have defined as human engi- 
neering. For example, Taylor’s classical experiments with 
the selection of the most efficient shovel illustrate an ap- 
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preciation for the importance of matching equipment to 
the man. But instead of progressing along this path, 
the application of psychological and physiological data 
drifted away from equipment design. Instead, it was 
directed more toward motivation and the seleetion and 
training of man to fit the equipment. The faet that the 
field attracted fakes and phomies who discredited it, un- 
doubtedly had much to do with the failure to develop the 
approach, Some people, particularly in the field of Indus- 
trial Engineering, were aware of the problem and appre- 
clated the approach to solution but they were the exeep- 
tion rather than the rule. Ryan's work is an illustration 
of the exception in its treatment of the implications of 
equipment design on operator fatigue (10). 

It was not until World War II that the conditions were 
ripe for a fresh start. Previously, by means of trang or 
experience man had always been able to compensate for 
the inadequacy in the design of equipment. But military 
weapons had become very complex and powerful and the 
unaided human operator could no longer handle them. 
The only direction open was a redesign of equipment. 
Psychologists, anthropologists, physiologists and eleetri- 
eal, mechanical and Industrial Engimeers worked im de- 
sign teams, utilizing what they knew of the capabilities 
and limitations of man to redesign equipment so that it 
matched his characteristics. The system design concept 
which began to be formalized about the same time was 
instrumental in awakening a realization that man was an 
important part of weapons systems and worthy of design 
consideration, 

The result of these efforts showed significant improve- 
ments in the over-all efficiency of the man-machine sys- 
tem, and the field grew. Since that time, specialists in the 
application of the biological sciences to equipment design 
have developed and taken their place on the design team 
with engineers. Effort has been expanded from redesign 
of equipment to systematic inelusion of consideration of 
the man from the first phase of the design cycles. 

The military services have been instrumental in pro- 
moting and developing the field of human engineering. 
They operate some of the better centers for human en- 
gineering (at Wright Field, Training Devices Center, 
Naval Electronics Laboratory, Naval Research Labora- 
tory, Lackland Air Force Base) and they have motivated 
industry to follow suit by including human engineering 
in specifications for weapons systems. This has given rise 
to some rubber-stamping in order to satisfy contractual 
obligations but, in general, such practices areveasily de- 
tected and it has not become a major problem. 

The question of whether human engineering represents 
a separate branch of engineering can be argued loud 
and long. To the extent that it utilizes a different body 
of knowledge and has developed some unique techniques, 
it has a firm foundation for such recognition. Human 
engineering groups have, in fact, assumed the responsi- 
bility for injecting consideration for the human into 
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equipment design. Organized formal training for the 
field is still lacking and must be provided to insure con- 
tinuity of this aspect of design. Some hope for the estab- 
lishment of coordinated course programs is seen in the 
fact that several universities offer courses in the area as 
part of their undergraduate engineering programs. At the 
present time, operating groups are generally doimg their 
own on-the-job training. This is accomplished by form- 
ing heterogeneous groups of biological serentists and engl- 
neers and waiting for cross-fertilization to take place 
rather than with any formal training program. The ma- 
jority of the practicing human engineers are people with 
training as scientists who have been retreaded to perform 
what is essentially engineering work. There is a basic 
inefficiency in this method of preparation which can be 
avoided by starting with engineers (possibly Industrial 
Engineers) and supplementing their traditional course 
work. 


MAN-MACHINE SYSTEM DESIGN 


In order to illustrate the work of human engineering, 
two profiles will be drawn of the field. One will be along 
the system design eycle and the other across the kinds of 
systems that have been the subject of human engineering 
design. 

The now-familiar system-design concept starts by 
specifying broad requirements for a system and then pro- 
gressively refining these requirements in more detail. The 
objective is optimization of over-all system performance 
as opposed to suboptimization of component parts. As the 
requirements are refined, equipment to satisfy them can 
be specified. The process continues until the smallest 
component is selected. 

In designing a man-machine system, it is convenient to 
consider the human being as a component of the system. 
In this sense, he has definable limits and capabilities. 
With knowledge of his characteristics, the designer can 
capitalize on his capabilities and avoid or compensate for 
his limitations. For example, the human is essentially a 
passive detector and is thus limited in his ability to see 
objects at great distances. A radar is often used to com- 
pensate for this and to extend the operator's “vision.” 
But the human has excellent ability to detect energy in 
the visible portion of the spectrum. To capitalize on,this, 
the radar energy is transformed to visible light and pre- 
sented to the operator, usually by means of a cathode 
ray tube. 

The need for consideration of the human in every 
phase of the design cycle has been demonstrated through 
experience. The general phases of such consideration are: 


1. Selection of the broad functions that the human will perform 
in the system detection. data processing, deeision- 
making, maintenance). 

2. Selection of the types of information and control which he 
will require in order to perform the assigned functions (e.¢.. 
information about his position, the presence of targets, the 
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time of day, etc., and control over starting, firing, maneuver- 
ing, etc.). 

3. Detailed specifications of the controls, displays and auxiliary 
equipment (e.g., console layout, control size, room lighting, 
display brightness, oxygen supply, control movement, etc.). 


The phases will be discussed one at a time to illustrate 
the level of design decisions involved and the techniques 
used to make them. It should be recognized, however, 
that the breakdown by phases is done primarily for ex- 
pository purposes. In practice they overlap each other 
and decisions made in one phase may be reviewed and 
altered later. Further, decisions made by the human engi- 
neer inevitably affect other parts of the system and so 
cannot be made solely on the basis of consideration of the 
human elements. The human engineering considerations 
are part of a larger system design effort. 


PHASE 1—HUMAN FUNCTIONS 


Given a broad statement of the purpose of the system 
and the environment in which it operates, the human en- 
gineer’s job is to choose the functions which the man 
should perform. As a first step the requirements must be 
refined and translated into specific functions that must 
be performed within the system. If the system is an air- 
craft, for example, a mission profile is drawn, i.e., the 
various phases of the mission plotted against time with 
the functions that the system will perform and a descrip- 
tion of the environment keyed to the time axis. The for- 
mality of the refinement process depends on the com- 
plexity of the system. In the case of the aircraft, the 
mission profile *s a very formal and detailed document. 
The environment must be examined to insure that it is 
suitable for the operator and his potential contribution 
to system performance must be assessed. 

The initial decision, of course, is whether or not to 
have a man in the system. A great deal of human factors 
research has been and is being performed to determine 
physiological limits of the human with respect to tem- 
perature, pressure, radition, G-forces, oxygen, ete. The 
literature will generally yield sufficient information to 
determine whether a particular environment will be dan- 
gerous for a human or will degrade his performance. One 
area where the literature is currently deficient is in the 
effects of space travel on the human. A number of large 
scale physiological and psychological studies are in prog- 
ress to fill the void. If the raw environment is found to be 
unsatisfactory the human enginc_r must either eliminate 
the man or supply an artificial environment. The artifi- 
cial environment might take the form of a pressurized 
cockpit, an oxygen mask, a G-suit, an air conditioned 
room or a lead-lined enclosure, depending on the particu- 
lar conditions. 

Satisfied that the human can function effectively in the 
raw or artificial environment, the question still remains 
as to whether he will add anything to the system and, if 
so, in what capacity. General guide lines to aid in evalu- 


The Journal of Industrial Engineering 


ating the relative efficiencies of men and machines in per- 
formance of various functions have been constructed and 
are of some help in the early stages. It must be recog- 
nized however that these are used as guides and are not 
intended to be a do-it-yourself kit. The following listing 
is adapted from (12) and represents a summary of rec- 
ommendations of a number of authors. 

Humans are relatively superior to machines, in terms 
of our present understanding of human and equipment 
capabilities, with respect to the following: 


1. Ability to handle unexpected events—machine must be 

expheitly programmed. 

2. Ability to use perceptual constancies (eg., to recognize ob- 

jects and places despite varying conditions of perception). 

3. Ability to use sequential dependencies in the real world 

(.e., profit from experience). 

4. Sensitivity to a wide variety of stimuli (heat, light, sound, 

pressure, etc.); range of sensitivity, however is restricted. 

5. Originality in putting to use incidental intelligence picked 

up over a period of time. 

6. Detecting signals in an overlapping noise spectrum (eg. 
detection of radar signals through jamming). 

. Capability for improvising and adopting flexible proce- 
dures (eg., can reprogram easily and quickly; can vary 
performance tolerances readily). 

. Capability for acting as a servo with a wide variety of 
modes (eg., linear amplifier, integrator, etc.). 

9. Capability to perform under some conditions of overload 

and ability to select own inputs. 

10. Ability to reason inductively (i.c., to make generalizations 

from specific observations). 


Humans are poor, with respect to machines, for the 
following: 


1. Monitoring other men or machines. 

2. Exerting large amounts of force smoothly and precisely. 

3. Performing routine, repetitive tasks. (Human becomes bored, 
fatigued, careless.) 

4. Rapid computing and handling large amounts of stored in- 
formation. 

5. Ability to reason deductively (i.e., to use rules for processing 
information). 

6. Responding quickly to control signals. 


Man is generally excluded from the performance of 
certain functions where conditions are likely to result in 
human errors: 


1. Perceptual requirements which are beyond or near physio- 
logical limits or which conflict with established habit patterns. 

2. Response requirements which are physically difficult, con- 
flict with established habit patterns or which cannot be 
readily checked or monitored for their adequacy (e.., the 
application of extreme physical force). 

3. Decisions which require undue reliance on memory, must 
be preceded by extensive organization of information or 
must be accomplished in too short a time in view of other 
necessary activities. 

4. Communication requirements which interfere with other 
activities. 

5. Tasks which overload the human, which result in inadequate 
work load distribution with respect to time or do not permit 
adequate or timely monitoring of the general situation. 
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These general comparisons must be viewed critically 
when the time comes for applying them to a specific situ- 
ation. They were arrived at by comparing man with some 
sort of generalized method of implementing the particu- 
lar funetion. However, when the human engineer, in con- 
junction with the rest of the system design team, has to 
make the judgment as to whether a man or a machine 
is to be used for a specific function he must make the com- 
parison between a man and specific alternate methods 
of implementation. 

The detection of radar signals in noise or Jamming is a 
case in point. The general recommendation given above 
indicates that man is superior to machines for this task. 
His relative superiority, however, is a function of the 
characteristics of the signal, of the noise background and 
of the equipment he is given. The gap between the human 
and automatic detection devices is being closed and the 
choice between them must be evaluated carefully. The 
designer must often turn to experimentation with realistic 
simulation to provide a basis for the decision. 

In practice, the situation rarely exists where the human 
engineer can sit down in isolation, assign the human the 
most appropriate functions and drop the matter. Com- 
promises must be made with the ideal allocation in the 
interests of over-all system performance. For example, 
it may be economically or technically impractical to 
mechanize a transformation of coordinates within the 
space available. In spite of the human’s inferiority in 
deductive reasoning the operator may have to perform 
the function. Fortunately, the state of the art in com- 
puters and storage mechanisms is approaching the point 
where a choice of alternatives is often available and the 
man can look for some relief from being assigned tasks in 
desperation. 

But this is not universally true at present and the op- 
erator is still called on to fill the gaps. Man is naturally 
very flexible and will be used whenever a function cannot 
be implemented in any other way or when all the con- 
tingencies cannot be anticipated. This flexibility and 
adaptability is often the man’s prime contribution to the 
system. 


PHASE 2——DISPLAY AND CONTROL FUNCTIONAL DESIGN 


With the over-all system outlined and functions as- 
signed to the man, the human engineer examines the 
man-functions in more detail, breaking them into sub- 
functions and tasks. Analyzing them first individually 
and then collectively, he determines the responses or 
actions which the operator must perform, the decisions 
he must make prior to performing them and the informa- 
tion required to make the decision. 

As in Phase 1, the techniques employed here depend 
on the complexity of the system. As a minimum, the 
tasks are set down in a table and the corresponding re- 
sponses and information requirements listed. For more 
complex systems elaborate charts and graphs are used. 
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Many of the graphical techniques of time and motion 
study have been adapted for this purpose. Time is often 
used as a base dimension with the information, decisions 
and actions keyed to it in overlay form. Typical se- 
quences may be run through on paper as a check on the 
completeness of the analysis. 

As an illustration, a function often assigned to the 
human is to take over some normally-automatic function 
in the event of a malfunction. One of the tasks within this 
function is to recognize that a malfunction exists and 
assume control. To accomplish this task the operator 
must be supplied with information concerning the opera- 
tion of the automatic element (at least whether or not it 
is operating satisfactonly) and a means of switching con- 
trol to himself. 

When this is done for all of the man-functions, the 
designer reviews his analysis. He notes repetition of in- 
formation and response requirements and the possibility 
of combining tasks and functions or even eliminating 
some. He works closely with engineers responsible for 
other elements in the system, reviewing earlier joint de- 
cisions made with regard to the basic division of respon- 
sibility between man and machine. 

During this phase the human engineer carries the 
design one step further by specifying: 

1. The types of controls that the operator will require to com- 

municate with the machine. 

2. The types of displays that will be provided to supply in- 

formation to the operator. 


With respect to the controls, he considers: 


1. Whether it should be continuous or discrete (eg.. a push- 
button or tuning knob) 

2. Whether it should be directly connected to the controlled 
object or “aided.” 

3. The possibility of combining controls. 

4. The necessity for shape, size, color or location coding. 

5. Whether hand or foot controls are to be used. 

6. Approximate preferred locations. 


With respect to the information to be displayed, he 
considers: 


. Whether it should be quantitative or qualitative. 

Whether it should be continuous or discrete. 

. The precision required. 

The data rate. 

. The type of stimulus to be used (visual, auditory, etc.). 

The frame of reference in which it should be presented. 

. Whether it should be associated with other information. 

. Whether it is to be used for more than one task. 

. Whether it should be continuously displayed or displayed 
only on demand. 

10. Whether information can be combined on a single display. 


While the considerations of controls and displays are 
separated for the purpose of discussion, it should be rec- 
ognized that the relation between them is critical. The 
designer is careful to insure that they are compatible and 
will not require the operator to perform complex mental 
transformations. He looks for a unifying principle which 
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will tie the display and controls together. Numerous ex- 
amples of such principles have been used successfully. 
For example, the controls and displays might be laid out 
in their order of use, so that the operator simply follows 
down the line. This is especially appropriate in a check-out 
procedure or a missile count-down where one step must be 
completed before proceeding to the next. Another ap- 
proach is to have all of the displays and controls associ- 
ated with a particular part of the system arranged to- 
gether. Thus radar displays and controls might be kept 
together, and separated from computer displays and con- 
trols. On the other hand all of the displays might be put 
in one area and all of the controls in another and the 
relation between them might be indicated by shape or 
color coding. A large number of arrangements is possible 
and experimentation might be required to select the most 
efficient for the particular combination of functions. 

At this stage of developmerit a functional mock-up 1s 
often constructed to aid in combining the displays and 
controls. It also serves as a first step in the layout of the 
operator’s work place. A rough shell of preferred areas 
can be constructed based on anthropometric data from 
the literature. Since the detailed configuration of the dis- 
plays and controls has not yet been specified, the “dis- 
plays and controls” might simply be word descriptions. 


PHASE 3—DETAILED PQUIPMENT DESIGN 


The design cycle now closes on the detailed design of 
the equipment which the operator will use. For purposes 
of discussion the problems which arise can be roughly 
divided into the following areas: Environment, Work- 
place, Controls and Displays. 


Environment 


Although man is capable of adapting himself to a wide 
range of environmental conditions, his efficiency is often 
impaired by even slight variations from normal condi- 
tions. The human engineer attempts to duplicate the 
ideal conditions or, if this is impossible or impractical, 
‘estimates and compensates for the reduction in operating 
efficiency. He might supply oxygen, cool, heat or pres- 
surize the work area, provide protection from radiation 
or outfit the operator with special clothing. A great deal 
of work has been done lately, for example, in the design 
of flight suits to protect the pilot from the environment 
at high altitude. 

One would think that at least gross consideration of 
operator comfort would be included in every equipment 
design. It is far from universal however and operators 
are still found sitting on top of hot electronic equipment 
or supplied with contaminated air. 


Workplace 


Anthropometric data is available in abundance in the 
literature (6) (7). From it, the human engineer can ob- 
tain or derive optimum and limiting dimensions for a 
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wide variety of operator positions—-standing, sitting, su- 
pine, prone, strapped in place, ete. 

As was noted, earlier, a full size mockup of the oper- 
ator’s compartment is usually constructed and the func- 
tional display and control areas selected, The rest of the 
design process will revolve around this mockup and it 
must be checked to insure that: 

1. It conforms to the space allowance 

2. Control areas can be reached easily. 

3. Display areas can be seen. 

4. Overhead or external illumination is suflierent for the type 

of work that is being performed and that it does not cause 

glare or interfere with displays 
5. The work place will accommodate a range of size of opera- 


tors (not just the “average” man) 

Literally whole books have been written covering these 
considerations in detail. Reference (5), for example (235 
pages) is concerned solely with the space requirements 
of the seated operator. A great deal of experimental work 
and volumes of reports are devoted to illumination prob- 
lems (1). Similarly, preferred reach areas and display 
areas have been plotted (6). 


Displays and Controls 

The displays and controls represent the operator's 
means of communication with the rest of the system. 
Through the displays he receives information about the 
system, the external environment: and the results of his 
control movements. He makes decisions based on this 
information and takes action by manipulating the con- 
trols. 

Having previously arrived at some unifying principle 
for designing and arranging the controls the designer sets 
about implementing it. It is difficult to generalize about 
this detail design of the hardware. Attempts have been 
made in this direction, but they have not been univer- 
sally successful. The difficulty lies in the large number of 
variables that affect the efficiency of the design. Even in 
simple cases an apparently insignificant change in one 
variable can make a particular recommendation invalid. 
Consider the problem of rigorously specifying what the 
direction of a control movement should be. One set of 
recommendations can be derived from what are called 
population stereotypes. For example, people prefer, and 
expect, “up,” “forward,” “nght” and “clockwise” move- 
ments to turn something on or to increase it. However, 
where there is direct feedback from the object being con- 
trolled as in driving an automobile or feedback through 
the movement of a display as in positioning a marker on 
a cathode ray tube, the population stereotype rules may 
lead to errors. The effect of feedback is often more subtle 
than indicated on these examples and a design decision 
has to be made as to which is the overriding considera- 
tion——feedback or stereotype. 

Undoubtedly this situation will improve with time and 
human engineering cookbooks will be available for more 
general application. To be of real value, however, these 
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books must make explicit: 


1. An estimate of the validity of the recommendations 

2. The limitations within which the recommendations are valid 

3. The consequences of violating the recommendations im terms 
of loss of efficrency, increased time, increased fatigue, ete 


As an illustration, consider the problem of seleeting a 
control to be used for positioning a marker on a target 
which will appear on a cathode ray tube. The variables 
are the size of the tube, the precision required, the size, 
brightness, and expected movement of the target, the fre- 
queney of the task and the length of time the marker 
must be kept on the target. The designer must select the 
type of control that will be used, ie., a joystick, knobs, 
bowling ball, pantograph. He must then specify the ratio 
between control movement and marker movement, the 
static and dynamic friction to be built in, the size, the 
position with respect to the display and with respect 
to other controls, whether the control will position the 
marker directly or adjust its velocity or acceleration, 
whether the display will be “quickened” (i.e., the pre- 
dicted result of a display movement shown immediately). 
Much research has been done in this area but still more 
is required before rigorous general design recommenda- 
tions can be made. Along with this, we must gain a better 
understanding of precisely how a man operates in such a 
control loop. 

All of the control and display design problems are not 
this involved and a number of excellent reports (1) (4) 
(13) have compiled information useful to the designer. 
But there is much still to be done. 


APPLICATIONS OF HUMAN ENGINEERING 


In order to illustrate the scope of human engineering, 
brief descriptions of areas that have been the subject of 
human engineering consideration will be presented. 

There has been no attempt to be exhaustive but simply 
to give examples. The interested reader can find amplifi- 
cation in the literature. 


AIRCRAFT COCKPITS 

The high performance military aircraft has been one 
of the most dramatic and most challenging systems to 
come under human engineering consideration. In fact, the 
problems arising from manned flight at high speeds and 
altitudes are the ones that gave rise to human engineer- 
ing. 

In twenty-five years, the aircraft designers have in- 
creased the speed of their planes from less than 100 mph 
to over 1000 mph. During the same period, the design of 
the displays and controls for the pilot have, at best, re- 
mained the same. The higher performance of modern 
planes has left the pilot with little time for decision and 
little room for error in execution. The limitation on the 
combat performance of the aircraft often lies in the pilot 
rather than in the aircraft itself. 

A number of attacks have been made on the problem. 
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The approaches range from a simple regrouping and 
standardization of instruments, through redesign of spe- 
cific instruments, to a basic redesign of the entire cockpit. 
The latter approach serves as a good illustration of the 
complete design eyele which was explained earlier. From 
an exhaustive listing of the information requirements, a 
completely new display system has been developed. Such 
a design cycle is long and expensive. After five years of 
work the system is only now being evaluated on flight 
simulators. 

A word about simulators is in order here since they are 
used extensively by human engineers, especially in the 
aircraft industry. The cost of real flights and the inherent 
dangers involved make realistic simulation worthwhile for 
preliminary evaluation and for training. From the first 
pneumatic Link Trainers, flight simulators have evolved 
into elaborate analog computers which give very realistic 
simulation of actual flight. The use of mechanical, optical 
and electronic simulators has extended into other areas 
and they have proven to be valuable tools for the human 
engineer. 


COMBAT INTELLIGENCE CENTERS 


All of the military services maintain Combat Intelli- 
gence Centers (CIC) in one form or another. They serve 
as nerve centers for combat operations where information 
is gathered, correlated and processed, tactical decisions 
are made and control actions taken. Whether located on 
an airplane, a submarine, a tank, a surface ship or in a 
bunker, they perform essentially these same functions. 
Human operators within the CIC’s may perform any or 
all of the functions although the modern CIC is generally 
highly mechanized. In any case, the tactical decisions 
are usually left for the human. 

The human engineer finds design problems in CIC's 
that run the full range of his interests, from the broad 
system design to the knobs and dials. Even if decision- 
making is the only man-function in the system, the com- 
munication links between man and machine (controls 
and displays) are critical. As the decision-maker the man 
is in series with the other components of the system. 
Error or delay on his part affects the efficiency of the 
system directly. Accordingly, a great deal of experimen- 
tal and design effort has gone into information coding for 
efficient communication from machine to man. Similarly, 
the flow of command information to the machine is facili- 
tated by the design of appropriate controls. 

In addition to these, there are the problems of work- 
place layout, illumination, environment, maintenance, 
etc. A problem that has not been mentioned earlier is the 
interrelation between men in the system. Most CIC's in- 
volve more than one man, some of them as many as fifty. 
Early in the design cycle, functions must be distributed 
among the various operators to form an efficient team. 
Communication facilities must be provided between the 
men. 
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SPACE FLIGHT 

Recent developments in the missile and rocket field 
have made manned space flight a realistic possibility in 
the near future. The more optimistic commentators are 
predicting such flights within the next two or three years. 
But space travel will be very demanding of the human. 
He will have to endure extreme G-forces, be exposed to 
high radiation levels, live in isolation for long periods in 
cramped quarters and experience weightlessness. 

A number of large scale experimental programs are 
underway to determine man’s ability to withstand the 
rigors of space flight and to specify the design require- 
ments for artificial environment. Short periods of weight- 
lessness have been achieved in conventional aircraft 
while performing parabolic outside loops. Centrifuges 
and rocket sleds have been used to test the effects of high 
G-forces. Elaborate simulators are in use to study the 
psychological effects of isolation for long periods of time. 
Balloon flights have been made to extreme altitudes. Soon 
a rocket ship will propel humans to the outer fringes of 
the atmosphere. Since it will probably be impractical to 
maintain sea-level pressure in a space vehicle, tests are 
being conducted to determine the highest equivalent alti- 
tude man can tolerate. 


Strictly speaking, these studies fall in the area which — 


we have defined as Human Factors Research. 

As space flight approaches reality, human engineers are 
already becoming concerned with the role man will play. 
There is the question, for example, of whether he should 
be rendered unconscious during part of the flight in order 
to conserve his energy, letting automatic controls launch 
the vehicle and navigate. The same basic questions of the 
allocation of functions must be answered, but against the 
background of an entirely new and largely unknown 
environment. 


INDUSTRIAL AND COMMERCIAL APPLICATIONS 

The primary applications of human engineering have 
been to military systems. Many human engineers are 
hired by industry but they are working on military prob- 
lems. There are exceptions, of course, notably at Bell 
Telephone Laboratories and the Cornell Aeronautical 
Laboratory. 

The telephone has been the subject of a long term de- 
sign program at BTL and the program has become some- 
thing of a standard in the industry. The weight and di- 
mensions of the handset have undergone extensive testing 
and redesign, as have the dial mechanisms. It was found, 
for example, that the simple addition of a white dot in 
the finger holes reduced dialing time about 0.7 seconds. 
Push buttons and tumbler mechanisms are under study 
as substitutes for the present dial. 

The CAL studies have led to major automobile design 
recommendations. The major emphasis has been on the 
reduction of injuries resulting from accidents. Design rec- 
ommendations have included safety belts, padded inte- 
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rior surfaces and improved control mechanisms. Some of 
these have found their way into the design of our auto- 
mobiles, when they did not interfere with the plans of the 
Detroit stylists. 

Widespread infiltration of industrial and commercial 
design processes will have to await a motivating force 
similar to the one that arose in the military. That is, 
it’s going to have to be worthwhile to design equipment 
around the man. It should be noted that it was worth- 
while in the case of the telephone redesign, with the unit 
saving in dialing time resulting in significant aggregate 
savings. In the case of the automobile, the potential re- 
duction in traffic fatalities is well worth the design effort, 
not to mention the effect on sales. 

The age of automation at first appears to relieve the 
need for considering the man in designing equipment. The 
fact is, however, that exactly the opposite is true. When 
the man does appear in the automated system, as a moni- 
tor, a programmer, or a maintenance man, he can easily 
become the limiting component. Failure of the man to 
function properly because the equipment is not compati- 
ble with his characteristics will mean failure, or at least 
inefficiency, of expensive automated equipment. Design- 
ing the equipment around him thus becomes worthwhile, 
and automation may serve as the impetus to increased 
application of human engineering in industry. 
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Tue containerization of general cargo represents the 
most promising innovation in the worldwide shipping 
industry. The high costs of loading and unloading ships 
have focused attention on the critical need for develop- 
ing more effective handling methods. The shipping con- 
tainers referred to in this research effort are not to be 
confused with boxes used merely to package commodities 
for shipment. Containers are large boxes (at least 100 
cubic feet in capacity) made of different materials and 
sturdy enough to be re-usable. Their principal functions 
are to consolidate dry general cargo items destined for 
one consignee, to speed movement by reducing cargo 
handling, and to protect shipments from damage and 
pilferage while enroute. 

This paper (1) reports in brief on the research efforts 
which have resulted in the development of methodologies 
for determining: 

1. The optimum sizes of shipping containers; this phase of the 
study included a unique application of a high-speed digital 
computer using simulation techniques in order to determine 
how different size commodity packages fit into different size 
containers, 

2. The economic feasibility of containerization over palletiza- 
fron, 


INTRODUCTION 


Commodities now being transported by ship, rail, air 
and road are highly heterogeneous with respect to size, 
shape, density, ete.. Therefore highly flexible but also 
highly inefficient handling systems must be used to move 
general cargo. Since cargo ships are designed for flexibility 
or, in other words, to accommodate a wide variety of com- 


* This paper is based on research sponsored by the Office of 
Naval Research, U. 8. Department of the Navy and the Maritime 
Administration, U. 8S. Department of Commerce, The Complete 
research effort on Containerization is reported in the Monograph: 
Carrabino, Joseph D., “An Engineering Analysis of Cargo Han- 
dling—VI; Containerization,” Report 57-56, Department of Engi- 
neering, University of California, Los Angeles, July 1957, 200 p. 
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modities, the opportunities for the use of mechanical 
loading methods such as conveyors are limited. Conveyors 
and automatic equipment are used extensively on spec- 
ially designed ships for the handling of bulk commodi- 
ties, such as coal, ore, grain, bananas, ete. High handling 
rates of 2000 to 3000 tons per hour have been achieved 
by designing special ships, special cargo transfer equip- 
ment and special terminals. This can be contrasted to 
the rate of handling general cargo which is approximately 
10-20 tons per hour per hatch or a maximum of 50-100 
tons per hour if all five hatches on a cargo ship are loaded 
simultaneously. 

A ship earns no revenue while it is tied up to a berth. 
The average ship has a fixed cost of $2000 to $3000 per 
day while in port. Revenue results from charges on the 
transportation of goods by water—not for storage on 
shipboard at dockside. In the event of war, the extremely 
heavy demands on shipping and the easy targets which 
tied-up ships provide are two additional reasons for re- 
ducing the “turn-around time” or the time that a ship is 
in port. 

The use of shipping containers results in the ho- 
mogenization of general cargo, thereby reducing the large 
variability introduced into the present cargo handling 
system by the commodity component. The container 
shown in Figure 1 is typical of those in current use by 
shipping companies. 


“STATE OF THE ART” 


In January 1955, a direct mail survey was initiated 
regarding the use of containers in water, land, and air 
transportation networks. One hundred and six letters 
were sent to shipping companies, educators, military: in- 
stallations, and manufacturers throughout the United 
States and several foreign countries. Seventy responses 
provided a wealth of information which, supplemented 
by a library search and numerous visits to shipping com- 
panies in the Los Angeles and San Francisco areas, gave 
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DIMENSIONS 
INSIDE OUTSIDE 
HEIGHT 60” 66" 
DEPTH 
WIDTH 40” 43° 


Fic, 1. Typical Container in Current Use 


a eomprehensive picture of the “state of the art” of 
containerization. These preliminary efforts led to the 
following consensus: 


1. The problem of the determination of the optimum size or 
sizes of shipping containers appeared to be a crucial one. 
There seemed to be no agreement whatsoever on this prob- 
lem. 

2. Likewise, there appeared to be a lack of agreement on the 
problem of how to determine the economic feasibility of con- 
tainerization over conventional methods of handling, such as 
palletization. The Neac Study (6) represents an initial effort 
in this direction. 

3. The Army (3), Navy, and Air Force have already spent large 
sums of money experimenting with containers. 

4. European countries (3) have progressed much further than 
the United States along the road to containerization. An In- 
ternational Container Bureau has been established since 1945 
with headquarters in Paris. 

5. The inadequacy of present cargo ships for carrying containers 
is recognized. Much serious thought is already being given to 
designing container ships. 

6. In summary, it can be said that containerization represents 
the “hottest” current innovation in the shipping industry. 
The implications are numerous and staggering. 


ADVANTAGES AND DISADVANTAGES 


The advantages claimed for containers can be sum- 
marized as follows (all are not mutually exclusive): 
1. Speed up the loading and unloading of all types of trans- 
port: rail, ship, air, road, thereby reducing the “turn-around 
time.” 
2. Protect against pilferage. 
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3. Protect against damage to commodities. 

4. Lower insurance rates will result. 

5. Cheaper packaging may be used for the commodities carried. 

6. Should reduce the documentation required enroute. 

7. Reduce the number of handlings of individual packages 

8. May be used at destination for temporary storage, housing, 
and offices. 

9. Modification of the external characteristics of cargo for 
easier handling. 

10. Customs checking should be easier, especially at European 
borders. 

11. From a military standpoint there is a reduction in the vol- 
ume of shipping required because of the minimization of 
losses from damage, pilferage, and enemy action. 

12. From labor's viewpoint containers could be attractive be- 
cause men could be working, loading and unloading con- 
tainers even though ships are not in port, thereby levelling 
peak work loads and stabilizing employment. 

13. Ideal for handling passengers’ baggage. 

14. Ideal for handling mail. 

15. Provide covered storage in open areas, thereby protecting 
commodities against elements. 

16. Will have sales appeal to shippers, thereby giving a com- 

@ petitive advantage to transportation companies providing 
them. 


The disadvantages claimed for containers can be sum- 
marized as follows: 


1. Cost of containers. 

2. Tare weight of containers. 

3. Loss of cubage in the containers, and in the carrier used to 
transport containers. 

. Cost of returning empties. 

. Difficulty of man-handling requires heavy gear. 

. Institutional difficulties, i.c., labor practices. 

. Accountability for containers. 

. Rail rates in the United States are presently based on highest 
rated commodities in the containers. 


SCOPE OF RESEARCH EFFORT AND MODE OF ANALYSIS 


After considering the many problems posed by con- 
tainerization which might yield to engineering modes of 
analysis, the decision was made to place the main focus 
of the research effort on the crucial need for the develop- 
ment of methodologies for: 

1. Determining the optimum sizes of shipping containers. 

2. Determining the economic feasibility of containerization 

over palletization. 


An empirical approach using operations analysis tech- 
niques was employed. Arrangements were made with 
the American President Lines in San Francisco to use 
actual performance data for all commodities which were 
shipped over a typical trade route by two sister ships 
on eight consecutive voyages. A voyage consisted of the 
round trip of a vessel from home port to home port (San 
Francisco). The sequence of ports of calls on this Trans- 
Pacific Trade Route is shown on Figure 5. Each of 
the two ships analyzed makes eight voyages a year. 
Therefore, the data utilized represent six months of opera- 
tions for each ship or the equivalent of one year for 
one ship. 
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DOMINANT VARIABLES AFFECTING SIZES 


The dominant variables affecting the sizes of con- 
tainers which were investigated in this study are: 


1. The weight fon and measurement ton distributions of all 
physically contamerizable commodities for different density 
and stowage factor mtervals: here a large number of histo- 
grams were developed. (For definitions of these terms, see 
KEY next to Figure 2.) 

The fit of different size packages into different size containers ; 
here a unique ipplieation on a high-«peed digital computer 


was made using simulation techniques 

The fit of different size contamers into all the storage com- 
partments of the two ships: he re’ scaled lavouts were used 

1. The influence of truck and railroad car sizes; mformation 


was obtained from field trips 


A deseription of the analysis of each of these variables 
reported in subsequent sections of this paper is followed 
by a discussion of their inter-relationships under varying 
circumstances in which containers might be used. 


DENSITY DISTRIBUTIONS OF COMMODITIES 

The data for the eight vovages which were tabulated 
on IBM machines included a total of 1366 different com- 
modities. For each commodity the following informa- 
tion was included: voyage number, port of loading, port 
of discharge, revenue dollars earned, weight tons, meas- 
urement tons, density and stowage factor. These data 
were grouped together for like commodities. Since not 
all of the 1366 commodities shipped were suitable for 
containerization, it was necessary to develop criteria for 
selecting those which might be physically containerizable 
(1). It was found that 861 commodities or 63% of the 
total met these criteria. These 63% of the total com- 
modities represented 48% of the total revenue earned. 

It seems to be the universal practice among operating 
personnel in the shipping industry to never lift more than 
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KEY 


INTERVAL DENSITY’ STOWAGE FACTOR 
NUMBER INTERVAL INTERVAL 
&FT®/LONG TON 
99 2240 -2263 
2 1io- 199 2240-1126 
20 - 299 749 
4 30 - 399 747- 561 
5 40 - 499 560- 449 
6 50 - 599 448- 374 
7 60 - 699 37. 3- 3205 
8 GREATER LESS 
THAN 70 THAN 320 
NOTE 


LONG TON « 2240 LB 
WEIGHT TON (WT) = 2000 LB 
MEASUREMENT (MT) «40 FT® 


3 DENSITY (p\)«STOWAGE FACTOR 


« CONSTANT « 2240 


f each for SS. President Wilson and SS. President Cleveland 


three tons or 6000 pounds on-a ship's boom (rated at 
five tons) without special rigging. This rule of thumb is 
adhered to tenaciously in order to minimize accident 
hazards. Therefore, since the weight of a load is fixed at 
this upper limit, it is essential to know the range of 
densities of commodities to be handled in order to deter- 
mine the desirable volume tanges of containers. 

Figure 2 shows the distribution of weight and measure- 
ment ton totals for eight vovages of all physically con- 
tainerizable commodities for different density and stow- 
age factor intervals. The bi-modal nature of these dis- 
tributions is suggestive of a two-size container system 
for this trade route. The author will comment on this 
point later in the paper. Similar histograms were de- 
veloped for each of the four voyages of each ship, Figures 
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3 and 4, and for each of the eight voyages (1). 

The intent in developing Figure 5 was to visualize the 
distribution of containerizable loads taken aboard at 
each port of call in the trade route. This information is 
essential to the determination of the number of con- 
tainers needed to service the trade route. The unequal 
load distribution highlights the problem of maintaining 
an even flow of containers, establishing appropriate col- 
lection centers or banks, etc. This is a sophisticated 
problem which is currently being investigated by the 
Cargo Handling Research Project at U.C.L.A. 


J 


SIMULATION STUDY 


One of the disadvantages associated with containeriza- 
tion is the loss of cubage in the container because of the 
impossibility of achieving perfect stowage of different 
size packages in a given size container. In order to 
appraise the magnitude of this loss, a simulation tech- 
nique on the SWAC High-Speed Digital Computer at 
U.C.L.A. was employed. The objective of this technique 
was to determine what the internal cubic loss would be 
in different size containers for packages of different sizes. 

The problem of selecting the commodities to be used 
for this analysis was a formidable one. Data on the 
height, depth, and width of commodity packages were 
obtained after much effort which was replete with frus- 
tration and disappointments. Because of the cost of these 
data, it was necessary to resort to sampling procedures. 
It was found that 8.6% of all the physically containeriza- 
ble commodities accounted for 64.1% of the revenue 
earned by these commodities. 

The program developed for the SWAC Computer 
achieved a very high degree of simulation of actual load- 
ing patterns used by longshoremen. The initial assump- 
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tion was that only one size package would be loaded into 
a given container. There are six initial feasible orienta- 
tions of a package in a container if the package contains 
a commodity which does not restrict the position of the 
package. These are shown on Figure 6. If, for example, 
a package contains glassware and must be loaded “this 
side up,” then the position of the package is restricted 
and only loading patterns Nos. 1 and 2 apply. (See Fig- 
ure 6). The input data into the computer consisted of 
54 different package sizes and 49 different container sizes. 

The intent in Figure 7 is to show the “rule of fit” or 
variation in the internal cubic losses of containers of in- 
creasing volume when loaded fully with packages of dif- 
ferent sizes. It was initially thought that for a given size 
package the losses would decrease as container sizes in- 
creased. However, it Was most interesting to discover that 
the loss variation was periodic-like. 

Many other analyses were made in this phase of the 
study which yielded results of particular interest to the 
packaging industry. However, because of space limita- 


DISTRIBUTION OF MEASUREMENT TON TOTALS OF 
CONTAINERIZABLE COMMODITIES FOR DIFFERENT 
DENSITY AND STOWAGE FACTOR INTERVALS 
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SYMBOLS USED IN MATHEMATICAL 
FORMULATION FOR SWAC CODE 

L,~ PACKAGE SIDE PARALLEL TO # 
L,- PACKAGE SIDE PARALLEL TO 0 
L,~ PACKAGE SIDE PARALLEL TO w 
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Fic. 6. Initial Orientation of Package in Container for Each of Six Loading Patterns Comprising SWAC Matrix 


tions and the kaleidoscopic nature of this paper, the 
reader is referred to the complete monugraph (1). 


DETERMINATION OF STOWAGE SPACE LOSSES 


Another disadvantage associated with containerization 
is the cubic losses in ships due to the wall thicknesses of 
containers and to the difficulty in stowing containers per- 
fectly in different storage compartments (this latter loss 
is called broken stowage). 

Scaled layouts of the stowage compartments and scaled 
templets of 15 different size containers were used to deter- 
mine the stowage losses. Figure 8 illustrates this “hand 
fitting’’ methodology. In order to determine the upper 
limit of the ship losses, full containerization of the three 
hatches was assumed. 

Figure 9 shows for different size containers the sum 
of the broken stowage and thickness losses by hatch as 
a percent of the available stowage space. 

Before this analysis it was thought that the smaller 
the container, the smaller the ship space losses. However, 
Figure 9 disproves this thought. It shows, as in Figure 7, 
a periodic-like variation. It also shows the enormous 
space losses which were experienced with full container- 
ization in hatches of this type which are typical of those 
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in cargo ships. These high losses represent strong evi- 
dence for the need of ships specially designed to accom- 
modate containers. 

The author would like to suggest that a simulation 
technique on a digital computer similar to the one men- 
tioned in the preceding section of this paper, could be 
used to investigate the fit of containers into ships. 


TRUCK AND RAILROAD CAR SIZES 


At the present time on the west coast there is little or 
no interchange of containers between trucks or railroad 
cars and ships. The labor-management agreements on the 
waterfront place severe restrictions on such interchange. 
If a shipping company owns the containers, then they 
can only be loaded and unloaded at the terminal by 
members of the union having jurisdiction over waterfront 
activities. Undoubtedly, this obstacle to progress will be 
overcome as the level of containerization increases. 

An excellent compilation of the sizes of truck, railroad 
cars, and air cargo carriers is found in reference (2). 

The author doubts whether there will ever be inter- 
change of containers from aircraft to ships. The intrinsic 
characteristics of a commodity which render it desirable 
to transport by such rapid means as aircraft, would 


The Journal of Industrial Engineering 517 


no 5 
) 7 
0 0 | 
| | 
ie 
hel, 
ok 
¥ 
~ wells Ki, 
| 
nO 6 
NO 2 NO 
4 
0 
| | 
| J Hort J 
het, 4 | 
| 


| MT OF EACH PACKAGE 


INTERNAL CUBIC LOSS IN MT FOR EACH CONTAINER CORRESPONDING TO 


Fic. 7. 


militate against transportation by such relatively slower 
means as ships. Hence, the influence of the sizes of air 
cargo carriers on shipping containers can be ignored. 
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of each of the variables affecting the sizes of containers 
varies with circumstances. For example: 


1. If, as at present, containers are not moved on trucks or rail- 
road cars then the influence of these factors can be iwnored 

2. lf relatively few containers are to be loaded in a ship at a 
given time, then the influence of space losses due to ship fit 
can be ynored 


Assuming the long-run situation where containers will 
be moved on trucks and railroad cars and large numbers 
will be loaded on a ship at a given time, then the opti- 
num size would be determined as follows: 


1. Height of container—should be determined from ship fit 


considerations. 


2. Width of container—should be determimed from the influ- 
ence of truck and railroad car sizes. 
3. Depth of container—should be determined from a considera- 


tion of: 

a) The density distributions of the physically contaimeriz- 
able commodities 

(b) The fit of different size packages into different size con- 
tainers. 


DETERMINING THE ECONOMIC FEASIBILITY 


The economic advantage or disadvantage of container- 


ization over palletization varies from commodity to com- 
modity. Figure 10 shows the dollar savings or losses per 


MT when each of these commodities is containerized 


instead of palletized. These savings and losses. indices 
were determined for three different size containers. For 


each size container a determination was made for the 
situation where the maximum permissible weight limit 
on the ship’s boom was 6000 |bs., and another determina- 


tion for the case where the limit was assumed to be 


DETERMINING THE OPTIMUM SIZES 
The determination of the optimum size of a container 


would depend on the circumstances under which contain- 
ers are to be used. In other words, the relative importance 
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vantages of heavier load lifts is more dramatically por- 
traved in Figure 11. 

These savings and losses indices suggest the concept 
of a containerization priority index by commodity. If an 
operating man knew these indices for all containerizable 
commodities he would be able to rationally decide the 
order in which commodities should be assigned to con- 
tainers. 

The factors considered in this economic analysis were 
differences in loading rates or ship “turn-around” time, 
stowage space losses in ships due to containers, and costs 
of containers. Data on pilferage and damage losses were 
not available and therefore not included. Since these 
losses are considerable and since they are greatly re- 
duced, if not eliminated, by containers, the estimated 
savings shown in Figure 11 for different levels of con- 
tainerization are conservative. 

The percent return on investment in containers shown 
on Figure 11 augurs well for containerization. 


CONCLUSIONS 

The methodology for determining the optimum sizes of 
shipping containers which was developed in this study 
for a specific trade route has general application. The 
kinds of data needed for such determinations have been 
indicated. 

The economic analyses demonstrate that the potential 
dollar savings of containerization are staggering. This 
evidence strongly supports the statement made earlier in 
this paper that people in the shipping industry believe 
that containerization of general cargo represents the most 
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wr 


promising innovation in the worldwide shipping industry. 
It is the author's opinion that the attractive investment 
opportunities represented by containers will result in the 
formation of companies who will engage in the rental 


business, 

To fully exploit the benefits of contaimerization in the 
<ort run, there should be standardization of sizes within 
the shipping industry. Ultimately, a national container 
system will probably evolve with size standardization 
agreed upon by all types of carriers. A U.S. Government 
sponsored group recommended such a system in 1936 (4). 
The intervention of World War II probably curtailed 
further activity along these lines. Groups hke the Inter- 
national Cargo Handling Coordination Association (5) 
might provide the mechanism necessary for the develop- 
ment of national and international contamer systems. 
Such systems would probably serve as an impetus to- 
wards the much-needed standardization of package sizes. 

Increased levels of containerization should simplify the 
<etting of production standards and thereby make the 
cargo handling system more amenable to the applheation 
of wage incentive plans. Such plans should receive serious 
consideration in an industry which appears to rely 
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heavily on the “art” and lightly on the “science” of 
management. 

The author would recommend to shipping companies 
that they initially embark on a one-size container sys- 
tem, and with time grow into multiple-size systems. As 
with all innovations, there will be many problems which 
are difficult to predict. The design of distribution sys- 
tems with appropriate controls will call for much in- 
genuity and experimentation. Experience with a one- 
size system would provide a framework which could be 
extended to handle multiple-size systems. 

It is the author’s opinion that management in the 
shipping industry is in dire need of the kind of “mental 
revolution” which has taken place in manufacturing in- 
dustries under the impact of scientific management phi- 
losophies and techniques. If this research effort does 
nothing more than demonstrate the efficacy of analytical 
techniques in solving operational problems, it has high- 
lighted a critical need. “Rule of thumb” methods must 
yield to scientific methods if increasing complexities are 
to be successfully coped with. Operating people, even if 
analytically equipped, don’t have time for reflection be- 
cause of the pressures of day to day problems. The au- 
thor would like to recommend strongly that their efforts 
be augmented by properly trained Industrial Engineering 
or operations research staffs. 
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Standards for Reading and 


Other Forms of Eye Activity 


by GERALD B. BAILEY 


J. D. Weeds and Gordon Limited, Toronto, Canada 


Traprri INAL time study methods are designed pri- 
manly for use in setting standards for manual opera- 
tions. The stop watch technician, either by direct ob- 
servation of the job or by observation of a film record 
of it, ean deseribe the method used in some detail. He 
can rate the work pace and, after adjusting the observed 
time by this rating factor, he can arrive at a standard 
time for the job. 

This procedure, when properly applied, adequately 
tukes into account both the manual part of the job and 
the eve activity that is used to direct the manual motions 
to their destination. However, the procedure is not al- 
ways suitable for setting standards for independent eye 
activity such as that found in reading instructions or in 
examining material for defects. When independent eye 
activity is carried out, the observer is unable to tell di- 
rectly either the nature of the eve motions used (method) 
or the work pace at which the eye motions are performed. 

Time study observers have not been unaware of the 
importance of either method or pace in dealing with eye 
activity, but have usually had to be content to deal with 
them (and consequently all aspects of independent eye 
activity) somewhat indirectly. The usual procedure has 
been to assume that the method of using the eves em- 
ployed by the person under observation is correct, a 
practice that, by itself, could lead to questionable re- 
sults. It has also been the convention to assume that the 
pace used to carry out the eve activity is the same as the 
pace used to carry out the associated hand and arm 
motions. 

This indirect way of applying the rating factor to eye 
activity may also lead to questionable results. It breaks 
down completely where eye activity is carried out with- 
out movement of other body members. 

As noted, time study engineers have long been aware 
that this indirect way of setting standards for eye 
activity had serious shortcomings. In setting standards 
for factory-type operations, however, the shortcomings 
of the method have not seriously affected the quality of 
their work. There are few faetory-type jobs, usually 
limited to inspection jobs, where independent eye ac- 
tivity is a major part of the work. When a job involving 
eye activity comes up for study, more time studies are 
taken than would otherwise be necessary, or would be 
justified economically. Through sheer numbers of studies, 
the time study engineer has almost always been able to 
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arrive at an acceptable answer. 

Whether or not this method of setting standards for 
eye activity would have been followed indefinitely 1s 
speculative, for two events occurred to bring about a 
change in attitude. One event was the rapid growth of the 
clerical work force in industry and the need for clerical 
work standards. Routine clerical jobs would involve a 
degree of independent eye activity in almost every 
instance. 

The other event was the development of research 
methods that were proving to be so valuable in investi- 
gating the characteristics of other forms of manual mo- 
tions and in assigning times to these motions. 

During the research program that was carried out to 
develop Basic Motion Timestudy, we came to believe 
that a more direct method could be established for evalu- 
ating eye activity than the traditional methods previ- 
ously described. Detailed researches in this field were not 
carried out until the other BMT time data were de- 
veloped and put to use. Then we returned to complete 
these researches and to test the procedures. This paper 
describes these procedures and the steps followed in their 
development. 


THE PROBLEM OF METHOD AND PACE 


A procedure for setting standards for independent eye 
activity must be capable of dealing with both the method 
of using the eyes and the pace at which the eye activity 
is carried out. The first step in the investigation, there- 
fore, was to devise a test for which a rigid method speci- 
fication could be established. This was not as difficult to 
do as might be imagined. We knew that to perform work 
the eyes jump from one point of focus to another, caus- 
ing to perform their function at each new point of focus. 
In this sense, they move in a way that is directly com- 
parable with the BMT definition of a basic motion— 
“movement of a body member that, being at rest, moves 
and again comes to rest.” Also like arm motions, we 
knew (or at least strongly suspected at that time) that 
the eyes performed more than one type of basic motion. 
Later tests proved that this is so, although we have not 
tried to identify more than two types. These are re- 
ferred to as Major and Minor eye motions. Of these, 
only the major type proved to be subject to clear-cut 
definition and thus to the assignment of a definite time 
value. 
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THE EYE TIME 

A major eye motion was found to occur every time the 
eyes shift from one point on which they are focused, to 
another point, focusing accurately on the second point. 
Since this eye motion became the key to the resulting 
procedures, its definition needs to be clearly understood. 
The focusing act at the end of the major eve motion is pre- 
cise rather than casual. It is not the glance one might make 
toward the telephone as he reaches for the receiver. The 
briefest look is all that is required here, often completed 
(and the eyes moved elsewhere) long before the hand 
reaches the receiver. Rather, it is the kind of focusing 
act one must use to read the first digit of a numeral. Also, 
the focusing act must be made to a single point. If there 
is more than one object on which the eves must focus, 
they will very likely perform more than a single major 
eye motion. For instance, the time to shift the eves to and 
read a 2 digit numeral is greater than the time for a 1 
digit numeral. The 2 digit numeral takes a major eye 
motion and a minor eye motion. To be certain that it is 
made according to definition, therefore, this major eye 
motion must be directed to a single point. We gave to this 
eye motion the title Eye Time. 

To assign a standard time value to an Eye Time, we 
set up a test comprising twenty separate positions to 
which the eyes could be directed. A single object was 
placed at each position. The positions were arranged so 
that the eyes could move progressively from position 1 
to postion 20. Thus 20 Eve Times were needed to com- 
plete the test. We then had a number of experienced time 
study technicians perform the test in turn at slow, 
medium and fast pace to decide upon an appropriate 
standard time for it. From these results we selected a 
value of .008 minute per Eye Time. For ease in using 
this value with other BMT time data, the standard time 
for an Eye Time is normally referred to as 80 BMT units. 

It should be noted that the standard refers to a work 
pace equivalent to walking at a rate of 3 miles per hour 
or dealing a deck of 52 playing cards into 4 bridge hands 
in .50 minute. It should also be noted that the value of 
80 is a net standard time. Allowances for rest and per- 
sonal requirements need to be added as required. 


VARIATIONS IN METHOD OF USENG THE EYES 

The next step was to find out if the concept of eye pace 
could be transferred from the bench mark test of 20 Eye 
Times to some other action requiring independent eye 
activity. For this purpose a second test was devised. 
(Actually several such tests were devised and used. Since 
each test produced similar results, we need only refer to 
one of them.) This test was designed to develop a stand- 
ard time for a paragraph made up of about 100 common 
English words arranged in several sentences. The subject 
of the first test, the 20 Eye Times, and the subject of the 
new test, which we shall refer to as paragraph number 1, 
were arranged side by side in front of the participant. 
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He was asked to read the Eye Time test and, immedi- 
ately after, to read paragraph number 1, using to the 
best of his ability the same reading pace in both cases. 
A standard time for paragraph number 1 was then de- 
termined by the Formula 


Eye Time value X Number of Eye Times 
Actual time for reading Eye Time Test 
Actual time for reading paragraph Number 1. 


Thus if a participant read the Eye Time test in .120 
minute and paragraph number 1 in .250 minute, the 
standard time for the paragraph would be found by use 
of the above formula as follows: 


008 & 20 
X .250 = .333 minute. 


Keach participant went through a period of practice 
before any of his results were recorded. He was then 
asked to perform for the record, sometimes carrying out 
the test at a relatively slow pace, at other times at a 
relatively fast pace. 

We asked each member of the first group participating 
in this test to perform it a minimum of twenty times. 
This group was made up almost entirely of experienced 
time study people who had been associated rather closely 
with the program. They knew how important it was to 
follow the method specifications most carefully. To the 
best of their ability they used the same method of read- 
ing throughout all trials. 

The results obtained from members of this group were 
remarkably consistent. From a sequence of at least 20 
consecutive trials by a participant it was not unusual to 
find that more than 75° of the calculated standard times 
for paragraph number 1 fell within a range of + 7% 
to 8% of the average. Upwards of 60% fell within + 5° 
of the average. Also, we found that the average time for 
the last five trials was almost invariably within 5% of 
the average time for the 20 trials. We decided, therefore, 
that on future tests, we would be able to accept a smaller 
number of trials. However, we would continue to ask 
each participant to go through a period of practice before 
his results were recorded. 

During this examination we found one unexpected, or 
at least new development. While the results from each 
participant fell within a aarrow range, the position of 
these results on a time scale was quite different, in many 
instances, from one participant to another. 

The results showed a range of approximately 10% 
from the lowest to the highest time, but there the simi- 
larity ends. Participant A for example, produced an 
average standard time of approximately .22 minute. For 
participant D, an average standard time of approxi- 
mately 33 minute was produced while the average for 
participants B and C fall at two different points between 
these extremes. 
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What was the cause of this wide range of times? Was 
it not possible for different people to transfer, in a uni- 
form manner, the concept of pace for eve activity by the 
method under consideration? Or were the differences in 
average standard times a reflection of differences in read- 
Ing method among a group of individuals? 

In reviewing all results to that point we knew that 
many of the participants who now showed wide differ- 
ences had taken part in the first test and had been in 
close agreement about the proper standard time for an 
kive Time. We also knew that a uniform method of per- 
forming the first test had been virtually enforeed on the 
participants, kach participant had to look in turn to 20 
consecutive positions, at each of which his eves had to 
focus on a single point, This clearly indicated that when 
method was held constant, essentially the same standard 
time would be obtained from each member of a group 
of participants. In other words, the results obtained 
from test I indicated that different people could in fact 
transfer the concept of pace for eye activity In a un- 
form manner. 

Turning again to the results from the second test, we 
knew that each participant produced results from a 
series of consecutive trials that were in close agreement, 
with more than 60°, of the results falling within a range 
of + 5% of the average. This clearly indicated that an 
individual could consistently transfer the concept of pace 
for eve activity. 

This led us to a consideration of the final alternative 

that differences were caused by differences in reading 
method or skill among a group of people. Those with 
relatively low standard times for the new paragraph 
would be able to read and understand what they read 
with fewer eve shifts and focuses than would those with 
relatively high standard times. 

If it turned out that differences in reading method or 
skill were the cause of variations in standard times, it 
seemed hkely that as more test results were added to 
those on hand, we would find a larger proportion of 
people would produce standard times for paragraph num- 
ber | that were close to the average in the range. Some 
people, being required to use many eve shifts and focuses, 
would produce times that were somewhat higher than the 
average while others, using relatively few eye shifts and 
focuses, would produce times that were, somewhat lower 
than the average. The average time would represent the 
proper standard time for the person with average reading 
skill. In short, is seemed likely we would find that read- 
in a reasonably normal 


ing skills were distributed 


manner, 
We plotted all the results of test number 2 that had 
been obtained to this point on a frequency distribution 
chart and continued to add other results as more and 
more people participated in the tests. 
Evidence of a normal distribution soon began to ap- 
pear. A summary of more than 600 individual standard 
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times obtained from more than 60 people is shown in 
Figure 1. 

The eleven divisions into which the test results have 
been summarized represent time intervals of approxi- 
mately 10%. Thus, if the different standard times ob- 
tained from the test represent differences in reading 
method or reading skill, this method of preparing the 
summary reflects reading skills above and below average 
on an equal basis. The number of occurrences that ind- 
cate a reading skill of 10°% above average, for example. 
may be compared directly with the number of oceur- 
rences shown at 10° below average. 

The average of the times shown in Figure 1 is almost 
exactly .28 minute. We started calculating the average 
time periodically when we had aceumulated approxi- 
mately 200 test results. It is interesting to note that the 
average time has never varied more than some + 5% 
from the value of .28 minute. 


STANDARD TIME FOR THE AVERAGE PERSON 


Although all the evidence that had been collected to 
this point indicated that the variations in standard times 
reflected variations in reading skill, there was as yet no 
conclusive evidence that this was so. This evidence could 
only come from additional tests. To this end, test number 
3 was carried out. It made use of still another paragraph 
of English words. This new paragraph was somewhat 
longer than the paragraph used in test number 2 and 
both the words and sentence structure were considered 
to be somewhat more difficult. The test consisted of 
setting a standard time for paragraph number 2. We now 
used paragraph number 1 as the bench mark and as- 
signed to it the standard time of .28 minute. 

If the interpretations that we had placed on the results 
obtained to this point were correct, we would find that 
the same standard time, or nearly so, would be developed 
for paragraph number 2 regardless of who performed the 
test. The reading skill of the tester would, in effect, can- 
cel out in the manner indicated below where: 


Al = actual time for paragraph number 1. 


ime 
' 


© 


-35 = .37 | 
38 .41 
.% 


Fie. 1. Net Standard Times in 01 Minute for Paragraph Number 
1 Shown in Intervals of Approximately 10%. 


Frequency 
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32 .34 | 


280 . 330 
2 358 . 300 
3 . 260 
4 264 . 220 


488 488 +1.5% 
.621 486 +1.0% 
.354 476 -1.0% 
446 474 


Total for 4 testse—1.924 


Average standard time for paragraph number 2 = 1.924+4 or .481 


Note: Times are shown in .001 minute. 


Fic. 2. Summary of Results Obtained from 4 People with Widely Different Reading Skills 
when Steps Were Taken to Neutralize Differences in Reading Skills. 


A2 = actual time for paragraph number 2. 
F = factor representing the percentage by which the 
tester’s ability deviates from average. 
.28 = standard time assigned to paragraph number 1. 
Standard time for paragraph number 2 


xX A2XF 


 ALXF 


For this test we asked for assistance from people who 
had also taken part in test number 2. We deliberately 
chose people who, based on the results of test number 2, 
exhibited wide differences in reading skill. Some of these 
people had developed a “personal” standard that was 
considerably higher than the average of .28 minute. 
Others had a personal standard that was considerably 
lower than the average while still others had a personal 
standard that was at or close to the average of .28 min- 
ute. The results we obtained from 4 people, representing 
a wide range of reading skills, ate summarized in Figure 
2. 

The standard time for paragraph number 2 was calcu- 
lated by the formula 


X A2 X F, 


AlXF 


which was described earlier. The deviation was calcu- 
lated as the difference between the individual standard 
time for paragraph number 2 and the average of the 
4 results (.481 minute), expressed as a percentage of .481 
minute. 

The personal standard times shown for paragraph 
number 1 were obtained in test number 2. 

Other tests carried out in the same manner and in- 
volving paragraphs taken from other material have pro- 
duced similar results. 

These standard times for paragraph number 2 show 
a remarkably high level of consistency, no doubt being 
higher than may reasonably be expected. However, 
more than 75% of the results obtained so far have fallen 
within a range of + 5% of the average standard time 
for the paragraph and the highest deviation has been 
only approximately 7% from the average. From such 
results, the following conclusions were made. 


1. The variations that were obtained in the standard times for 
paragraph number 1 were almost if not entirely caused by 
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variations in the reading ability of the individuals participat- 
ing in the tests. 

2. By summarizing the results obtained from a large number of 
people, a normal appearing distribution of times was ob- 
tained. The average of these times represents the proper 
standard time for the person with average reading Ability. 

3. The concept of pace for eve activity can be transferred with 
the same degree of consistency that can be obtaimed in stop 
watch study of unrestricted manual work. 

4. When inherent differences in reading skill are not a factor 
(i.e. the exact method of using the eves may be specified), 
pace may be evaluated by the use of a bench mark consisting 
of a series of Eye Times in the manner described for test 


number 1. 

5. When inherent differences in reading skill become a factor, 
the evaluation of pace should make use of a bench mark that 
will neutralize the effects of these differences in the manner 
described for test number 3 


To emphasize these conclusions, we prepared a sum- 
mary to show the standard times that would have been 
developed for paragraph number 2 if the calculations had 
been based on the personal standard for each of the four 
participants listed in Figure 2. This summary is shown 
in Figure 3. 

There are wide differences in the standard times when 
this method is used. The deviations from the average 
standard time are many times greater than the devi- 
ations obtained by the procedure used in Figure 2, which 
are shown in the right hand column of Figure 3 for com- 
parison. 


USES OF THE PROCEDURE 

Time standards for eye activity may be established 
by the procedures outlined for both factory-type and 
clerical-type work. Except for inspection-type opera- 
tions, there are few instances in the factory where inde- 
pendent eye activity forms an important part of the 
work. However, the procedure outlined has direct ap- 
plication in these instances. The major application is in 
clerical-type operations where a considerable amount of 
reading must be carried out. The nature of the reading 
may be quite different from one setting to another but 
its purpose will be the same. The eyes, focused on one 
point, read instructions that describe the action that is 
to be carried out at some other point. The information 
read may be the address on a letter, telling the mail 
sorter where the letter should be placed in the sorting 
case; it may be information that is to be entered into a 
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Participant Paragraph Number | Paragraph Number 2 Percentage Deviation 
No. om e 
. Actual Time Persona! Standard Time Actual Time Standard Tine From Averag 


Participant Paragraph Number | Paragraph Number 2 Percentage Deviation From Average 
No. Actual Time Personal Standard Time Actual Time Standard Time Thies Summary Summary in Figure 2 
280 488 +20.5% +1.59 
2 358 300 621 520 + 9.0% +1.0% 
3 208 260 354 7.3% -—1.0% 
4 . 220 446 372 — 22.0% —1.5% 


Total for 4 tests-—1.909 
Average standard time for paragraph number 2 = 1.90944 or .477 


Note: Times are shown in .0O1 minute. 


Fic. 3. Summary of Results Obtained from 4 People with Widely Different Reading Skills 
when No Steps Were Taken to Neutralize Difference in Reading Skills. 


ledger or other record; it may be information to be typed 
or otherwise recorded by key-operated machines. What- 
ever its nature, the testing procedure outlined above may 
be used to determine the standard time for performing 
the work. 

In this connection we should direet attention to an 
important quality of the procedure that has already been 
mentioned but should now be emphasized. The standard 
time that is developed by the procedure may be de- 
seribed as the time to read (or otherwise use the eyes) 
and understand what has been read. In reading, this is 
a matter of looking at as many syllables of each word 
as Is necessary in order to understand the meaning of the 
word and its relationship to the words that have pre- 
ceded it. At times this may involve shifting the eyes 
back to reread syllables or entire words. At other times 
the meaning may be so clear that syllables or even words 
may be skipped. In examining material for defeets, this 
would be a matter of locating a defect and deciding 
whether the defect, according to established standards 
of quality, would cause the material to be graded lower 
or even rejected, 


APPLYING THE PROCEDURE 

Although our main purpose is to deseribe the pro- 
cedure for evaluating the work pace of independent eye 
activities, some comments concerning the method of 
applying the procedure should be made. To start with, 
we should point out that the term independent eye ac- 
tivity is, to a certain extent, a misnomer. Actually, eve 
activity is seldom completely divoreed from manual ac- 
tion. The separate actions of the eves and of the fingers, 
hands and arms may be carried out at the same time or 
partly at the same time and partly in sequence. Some- 
times the work performed by the eves will take longer 
than the work performed by the hands. At other times 
the opposite will be the case. Rarely will it be possible 
to tell by observation alone which action controls the 
work. Therefore the steps to be followed in setting stand- 
ards for work that includes eye activity should provide 
a basis for evaluating separately the work performed by 
the eyes and by the fingers, hands and arms. 

In former years, the evaluation process would have 
been based entirely on results obtained from stop watch 
study. Now, with predetermined time systems such as 
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BMT available for use it is possible to recognize the 
effect of variations in the work in a manner that is 
virtually impossible when the stop watch alone is used. 
Standards for work involving eye activity, whether in the 
factory or in the office, may now be custom made for 
each job from prepared time data that also provides a 
ready basis for adjusting the standards when changes in 
the nature of the work occur. 


Save money, increase 
production efficiency 


with these tested 
time-allowance methods 


ene are the principles of work measurement and 

motion identification essential to a system of 
predetermined motion times aimed at universal 
application. 


The book brings you exact procedures and ex- 
amples showing time data are used to set 
standards either through direct study or through 
the use of elemental standard time data. 


All time data are related to a unit of motion— 
called Basic Motion—which has clear-cut end 


points that may be applied to all body members. 


BASIC MOTION TIMESTUDY. By Gerald B. Bailey 
and Ralph Presgrave, of J. D. Woods & Gordon, Ltd. 
189 pages, 6 x 9, 56 illustrations, $5.00 


Order from: 
JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W. 
Atlanta 13, Georgia 
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THE AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS 
WILL HOLD ITS 


TENTH ANNUAL NATIONAL CONFERENCE AND CONVENTION 
ON 
THURSDAY, FRIDAY AND SATURDAY — MAY 14, 15, 16, 1959 
AT 
THE ATLANTA BILTMORE — ATLANTA, GEORGIA 


INDUSTRIAL EXPANDING 


ENGINEERING HORIZONS 


Expanding Horizons of Industrial Engineering requires new ideas, new techniques, new research and new 
equipment. The Industrial Engineer must be alert to the challenge of his profession, he must be alive to the 
me in the mathematical, physical and social sciences, and he must realize that only through interchange of 
knowledge can the individual continue to exhibit professional competence. 

To this purpose is dedicated the 10th Annual AIITE Conference. The presentations at all technical sessions 
will be given by experts in the field who are represented equally by university staff, industrialists, and practicing 
consultants. This will be your opportunity to obtain the latest information about . . . Management Controls, 
Operations Research, Automation . . . Standard Practices, Industrial Relations, and Information Processing. 


SCHEDULE OF FEES 


Member Membe 

This includes all sessions on Thursday & Friday, two luncheons, one banquet and proceedings. 

The convention luncheon on Saturday is not included. 

(All Thursday sessions and one luncheon includes proceedings) 

(All Friday sessions and one luncheon includes proceedings) 
babe tes tend des $ 7.00 $ 7.00 
en $ 5.00 $ 7.00 
Undergraduate Students, High School Teachers & Vocational Guidance Counsellors ........ oo | ae $ 200 

(All Thursday and Friday sessions. Luncheons and banquet are not included) 


For the wives and full registrants. This includes the Thursday banquet and a full program of 

activities during the two days of the Conference. 
$ 8.50 $ 8.50 

To be held at famous Aunt Fanny's Cabin (Southern Fried Chicken and Barbecue) 


Notes: 
1. Luncheon and banquet seatings can be guaranteed only if advanced registrations are made. 
2. The Conference, Thursday and Friday, is open to non-members as well as members. The 
Convention meeting and luncheon on Saturday are open to members only. 
3. For a detailed announcement or registration write to: AITE, P.O. Box 5255, Station F., 
Atlanta 7, Georgia. Checks are to be made payable to: “Tenth National AITE Conference.” 
4. Refunds for cancelled reservations will be made only if notice is received prior to May 12, 
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A GLANCE through the summaries of qualifications of 
candidates for national office in the American Institute 
of Industrial Engineers for the past two years reveals an 
interesting fact: only 18°> of these candidates have an 
undergraduate degree in Industrial Engineering, the re- 
mainder holding degrees in other branches of engineering 
and in mathematics, business and other areas. Is this 
startling? Is it something to be concerned about? Not 
really. What it probably means is that we are practicing 
the profession of engineering and that branches, ‘such as 
electrical, civil, industrial, ete., are of importance only 
as they are parts of the entire profession. 

Before pursuing this thought, perhaps it would be 
helpful to look at some of the reasons for the varied edu- 
‘ational backgrounds in our field. Why do graduates of 
other engineering branches enter the practice of Indus- 
trial Engineering? Much of the reason comes from per- 
sonal interest and motivation. In most jobs, by the very 
nature of Industrial Engineering, we are dealing not 
only with the physical sciences, but the social sciences as 
well. This, of course, we have recognized in our definition 
of Industrial Engineering as it appears in the Journal. 
Because this is the case, many engineers find that their 


interests and abilities fit this area of machines and men. | 


better than they fit the area of physical science applica- 
tions alone. The Industrial Engineer has the need to use 
the social sciences when the personnel factor is intro- 
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The Attraction of Industrial Engineering 


duced into the engineering problem. He is forced to use 
his basic engineering approach in an even broader, and 
in some respects more challenging, sphere of activity— 
the not-so-well-defined area of the human being; how he 
works; his relation to the machine and the organization. 
If the engineer's interest so dictates he has an opportu- 
nity to get away from classical design problems and into 
the problems of effective use of men, materials and ma- 
chines. 

For many engineers the practice of Industrial Eng)- 
neering provides the first step into operating problems 
and an opportunity to go further into management re- 
sponsibilities. This variation in scope of work is much 
broader than the more classical fields of engineering de- 
sign, installation and maintenance. The transition from 
method and measurement to production operations, to 
general management, is more logical than from the start- 
ing point of engineering design. Therefore, the opportu- 
nity for each engineer to develop to his own level of 
ability and interest is more readily available than in the 
other engineering practices. This has been materially 
aided traditionally by the encouragement of Industrial 
Engineering managers whereas it has more commonly 
been discouraged by Engineering managers in other 


‘fields. The attitude of the latter group of men has evolved 


around the thought of keeping engineers on engineering 
work and allowing non-technically trained men to ad- 
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minister and manage the business. 

These are some of the factors working on the indi- 
vidual which are influential in his choosing work some- 
what different from his formal educational background. 
In addition to this motivational drive, there are some 
other conditions which are important to the individual 
because they make the choice of Industrial Engineering 
practice feasible. It has been found that any individual 
with the proper aptitude and interest and who has a 
basic engineering training can translate the engineering 
approach of his own branch into Industrial Engineering 
practice. The teaching of the fundamental tools of In- 
dustrial Engineering and methods of analysis to a man 
with a basic engineering background in any branch has 
been done many times in the past. The future may not 
provide this same ease of transition, however. As the 
scope of Industrial Engineering investigation continues 
to broaden, as it has been doing quite rapidly, the de- 
mands also increase rapidly. These demands center 
around techniques for solution of problems which re- 
quire substantial training and experience not easily ab- 
sorbed in a short time. The further we progress in this 
direction, the more difficult will such transition be. 

It has been a rare occasion when a man with an In- 
dustrial Engineering educational background has taken 
up practice in other branches of engineering. Probably 
those originally choosing training in Industrial Engi- 
neering rarely became interested in other practice, hence 
do not as frequently make the transition to some other 
branch. It is not intended to infer that an Industrial En- 
gineering education is undesirable, but rather to partially 
explain why many engineers with other backgrounds 
seem to gravitate into Industrial Engineering practice. 
There is another element of significant importance en- 
haneing this condition. The supply of well trained In- 
dustrial Engineers has fallen far short of the need in 
recent years, thus encouraging the attraction of good men 
into Industrial Engineering practice by providing many 
job opportunities with good advancement potential. 

Thus far, I have been examining the attraction of In- 
dustrial Engineering practice from the viewpoint of the 
individual engineer. A look at the same question from the 
viewpoint of an employer is also interesting. One might 
wonder why any employer would hire an Electrical En- 
gineer to do Industrial Engineering when he might have 
hired an Industrial Engineer in the first place. What 
might the reasons be that would cause an employer to 
hire such a man? Many companies have found that In- 
dustrial Engineering work provides a solid foundation in 
preparation for other line and staff assignments. The 
broad aspects of products, processes, manpower and 
business operation that can be absorbed by an engineer 
in several years of Industrial Engineering practice ap- 
pear to be much greater than that gained by the neo- 
phyte engineer who is assigned to modest projects (or 
the drawing board) in other branches of engineering. 
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Two years of establishing methods and measurements in 
several operating depaftments are very likely to give a 
young graduate a much broader appreciation of com- 
pany policies, competitive practices, industrial relations, 
product needs, costs and cost systems, ete., than any 
similar kind of experience could provide in a more 
straightforward engineering branch practice. 

At the same time, mechanical, chemical, civil or elec- 
trical backgrounds may be very useful in understanding 
and contributing to the particular operating area to 
which the man is assigned. For example, in a company 
which is making electric motors and motorized sub- 
assemblies for automobiles, an Industrial Engineer with 
either an electrical or mechanical engineering education 
would be very useful in at least two ways. First, this fits 
a common pattern with the designers, producers, sales- 
men and consumers as far as language and problem ap- 
preciation are concerned, as well as practical compro- 
mises, Second, it has frequently been found that some 
knowledge of the theory and practice underlying a par- 
ticular product or process will allow the Industrial En- 
gineer to make contributions for improvement that he 
otherwise would not have recognized. In the case men- 
tioned the electrical or mechanical engineering back- 
ground might prove useful in just these ways. Another 
point, in terms of the later assignment or transfer of the 
man to other work is almost obvious. While the general 
broadening and company education afforded by Indus- 
trial Engineering practice are desirable in preparing a 
new engineer for other work in the organization later, an 
extensive familiarity with, and knowledge of, some other 
branch of engineering, such as chemical, electrical or 
mechanical might be a virtual necessity. Further, from 
the viewpoint of the employer a mixture of backgrounds 
in an Industrial Engineering activity takes on many of 
the desirable aspects of the highly advertised operations 
research team approach involving a mixture of disci- 
plines. 

The foregoing outlines the reasons, both from the 
standpoint of the individual and from the standpoint of 
the employer, why education backgrounds: other than 
Industrial Engineering may prove to be a very desirable 
asset to an Industrial Engineering activity. From the 
viewpoint of the Industrial Engineering practice should 
this mean that Industrial Engineering is not a full- 
fledged citizen of the engineering field? By no means! Not 
only are the technical requirements the same as for any 
other engineering field insofar as basic engineering ma- 
terials and methods are concerned, but in addition there 
is still a further requirement. This additional require- 
ment, uniquely important to the Industrial Engineer, is 
that the individual be adaptable to working with people, 
at all levels of organization, from the operator to the 
Chairman of the Board of Directors, if necessary. Not 
only must he be able to do this; he must enjoy it, be 
lucid and convincing and compatible with all the view- 


Volume IX + Ne. 6 


528 


points and aspects of a business organization. In any one 
of the fields of engineering technical brilliance might 
suffice to allow a man to stand out as one of the few for 
whom his associates are willing to tolerate idiosyncrasies 
for the sake of technical brilliance. In Industrial Engi- 
neering the man who will stand out as a brilliant Indus- 
trial Engineer will be the man who not only stands out 
because of technical brilliance, but also because of the 
well rounded and well balanced total man and total In- 
dustrial Engineer. This means, then, that he must have 
some technical brilliance, that he must have some social 
brilhance (in the sense of ability to deal with people), 
consideration for people and a welding of the two, the 
social and the physical, into an acceptable pattern for 
operation. Perhaps the difficulty of clearly delineating 
these things and teaching the student how to practice 
them is one reason some people find desirability in edu- 
cational preparation in one of the more classical branches 
of engineering and a later selection of Industrial Engi- 
neering practices where thev learn these other associated 
requirements through on-the-job traming. More and 
nore men «are attempting to accomplish this through 
graduate degree work in Industrial Engineering or Busi- 
ness Administration. When coupled with an undergradu- 
ate degree in Science or other branches of engineering, 
an attractive preparation for Industrial Engineering 
practice often results. 

To summarize, then, Industrial Engineering appears to 
attract engineers in both schools and industry from other 
branches because of personal interest, because it is a 
feasible transition, and because it offers some very tangi- 
ble value; not only to the Industrial Engineering activity, 
but to management in providing a broader training for 
various line and staff positions. Industrial Engineering 
also offers a place to the engineer who is operation or 
management centered, rather than engineering design 
centered, 

Whether we individually agree or disagree with the 
preceding thoughts, a hard fact remais—for many reas- 
ons, the majority of engineers practicing Industrial En- 
gineering today have taken their formal educational 
training in some other branch of engineering and subse- 
quently transferred their interest and activity to the 
practice of Industrial Engineering. As Industrial Engi- 
neering teaching and curriculum produce an adequate 
number of graduates meeting the high standards for en- 
gineering education set by ECPD, this is very likely to 
change in magnitude. 

I believe that this leads us to the point that we, better 
than any other branch of engineering, should recognize 
and militantly promote engineering as a profession and 
Industrial Engineering only as a particular practice in 
that profession. The sooner engineers as a whole accept 
this and join forces in every way, the sooner we will be 
able to devote our energies to progress as a profession 
and not to defending our own sphere of activity. 
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OUTSTANDING 
MAN AGEMENT 
TOOLS 


by R. Villers, Rautenstrauch and Villers 


An essential series of textbooks which 
have been adopted by more than 
40 colleges and universities 


THE DYNAMICS OF 
INDUSTRIAL MANAGEMENT 


by Raymond Villers 


A thorough, documented presentation of 
the theory of industrial organization and, 
more important, the process of reorgan- 
zation and modern techniques of control. 
Says Waldemar Kaempffert in the New 
York Times: “Villers impresses his read- 
ers with the idea that reorganization is 
not to be regarded as an effort at drastic 
reform, but as a natural development. . 

if organizations are to keep pace with 
changes in personnel and competition 
and with the evolution of technical proc- 
esses.” 2nd ing printing. 546 pages, 2! 
tables, 51 figure 25 


BUDGETARY CONTROL 


by Walter Rautenstrauch and Ray- 
mond Villers 


Easily and most widely used book by 
educators and industrial managers on the 
introduction, application, and control 
of a well-integrated budgetary system 
Presents actual methods together with 
appropriate forms and charts—iecluding 
the new Sales Mixture Chart which fore- 
casts future income and expense with 
remarkable exactitude. Now wm tts 3rd big 
printing. 301 pages, 24 tables, 53 figures, 

$6 00 


THE ECONOMICS OF 
INDUSTRIAL MANAGEMENT 


EDITION 
by Walter Rautenstrauch and Ray- 


mond Villers 


Thi. edition, newly revised by Dr. 
Villers, brings up to date the book that 
professors, students and businessmen 
consider a complete course in industrial 
management. Featured is the new 
method of Differential Profit Control. 
PETER DRUCKER writes, “We have 
to know how much we actually need to 
get the desired average. The tool for this 
is the break-even-point analysis, best 
described by Rautenstrauch and Villers 
in their book, The Economics of Indus- 
trial Management.” 512 pages, 64 tables, 
87 figures, 87 50 
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While reading Mr. Blair's article on “A Fresh Look at the 
Principles of Motion Economy,” it brought to mind a very in- 
teresting idea that Mr. Lescault and I devised in our instruction 
class for Industrial Engineers here at Remington Rand. 

When an Industrial Engineer is making an Act Breakdown for 
a Left and Right hand chart in his time study work, we sug- 
gested that if he would think of the American Institute of In- 
dustrial Engineers or AIIE, he could remember to do the follow- 
ing things: 


A. Analyze. 
I. Investigate. 
I. Improve. 
E. Eliminate. 


This information may be of interest to other Industrial Engi- 
neers, sO you may pass along the idea in anyway you may so 
desire —R. Weinberg, Remington Rand, Elmira, New York. 


DEMAND FOR INDUSTRIAL ENGINEERS 


Hoff, Canny, Bowen & Associates, New York Executive Search 
Specialists, in a survey just completed of the scientific-technical 
executive personnel needs of over 1,000 leading US. industrial 
firms, report that Industrial Engineers are in great demand now. 
In five years, the demand for mechanical and Industrial Engineers 
leaps to first place. Major firms are already actively seeking ex- 
ecutive personnel in these categories. 

Hoff, Canny, Bowen point out that these major firms are offer- 
ing not only salary inducements, but generous fringe benefits, 
profit sharing, bonuses, stock options, opportunities for advance- 
- ment, pleasant working conditions, and freedom to make decisions. 

This trend will grow because many experts anticipate that the 
next big boom will occur in five years. And for an expanding 
economy—for greater plants and equipment—the mechanical and 
Industrial Engineers are the keystones. 

Even the recession has brought no slackening of demand for 
top industrial and mechanical engineers. Many of the new plants 
have been working at top capacity during the boom. These plants 
and their managements were strained and there was no oppor- 
tunity for the management or the equipment to rest, or for the 
bugs which had developed to be worked out. Now management is 
taking a breather to improve both facilities and manpower. 

The companies indicate that they want Industrial Engineers 
who also know something about a particular industry. Companies 
want Industrial Engineers to know enough about their particular 
business, so that the Industrial Engineer can plan the entire plant 
for future expansion. If it is a missiles plant, the Industrial Engi- 
neer must know enough about chemical engineering and physics 
to see where revolutionary changes now in the speculative stage 
may cause radical alterations of the entire plant and be prepared 
to allow for such changes in his planning now. If it is a chemical 
business, the Industrial Engineer must have some idea about 
theoretical changes in chemical fuels, plastics, etc., which may re- 
quire drastic innovations—and allow space for these in his plan- 
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ning now. So the Industrial Engineer of today must be much more 
than the old straight Industrial Engineers of yesterday who con- 
centrated on routine plant lay-outs, time-and-motion studies, and 
efficiency techniques. 

There is also a great demand for chemists, chemical engineers, 
physicists, electrical engineers, electronics engineers. 
mechanical engineers, and organization planning specialists for 
the next five vears. 

Those commanding the highest salaries will be mechanical engi- 
neers, Industrial Engineers, chemists, chemical engineers, electrical 
engineers, electronics engineers. 

Some economists feel that this scientifie-technical executive 
personnel demand is an additional and accurate index of economic 
conditions in various industries. The demand for industrial and 


electro- 


mechanical engineers proves that industry can look forward to 
& prosperous and active economic climate in the years ahead and 
that young men planning their schooling now should be aware of 
future opportunities in this field—(Dr.) Dorothy Gregg, Con- 
sulting Economist, Hoff, Canny, Bowen & Associates, Inc. 


THE BASIC LIMITATIONS OF OPERATIONS RESEARCH 
IN INDUSTRY, by George 8S. Odiorne, Journal of Industrial Engi- 
neering, September-October, 1957. 

It is an old truism that we never appear to others as we appear 
to ourselves. Further, it is not at all unlikely that some (but not 
all) others can know better what we are up to than we do our- 
selves. In Mr. Odiorne’s discussion of Operations Research I find 
a peculiar mixture of understanding and revealing insight on the 
one hand, and verbal juggling and misrepresentation on the other 

I think his observation that OR is not a way of managing but 
is “a tool of a specialist who apphes his technical knowledge under 
managerial direction” is sound and agreed to by almost all practi- 
tioners. He implies that practitioners would not agree. This uw 
nonsense. He writes, “A considerable number [of OR scientists! 
have enlarged its ambit of operations through methods that are 
more reminiscent of the book ‘How to Succeed in Business: with- 
out Actually Trving.’” No references are provided. I would like 
to see evidence of this “considerable number.” 

In his discussion of the assumptions underlying the practice of 
OR his main point is that “the predominant philosophy of scrence 
held by most OR men is one which is sometimes identified as 
‘positivism.’” Now either Mr. Odiorne does not understand pos- 
tivism or he does not understand OR. If there is any underlying 
and unifying philosophy of science in OR it is “pragmatiam,” or, 
more precisely, that type of pragmatism called “expermentalem” 
(4) (5). His description of the hierarchical approach to problems 
by OR men is not accurate. The various efforts to expheitly formu- 
late the OR approach (6) reveal to even the casual reader that the 
metaphysical perambulations attributed to OR men by Mr. 
Odiorne are a figment of his imagination 

Let me be specific and document Mr. Odiorne’s inability to do 
at least a certain type of elementary research and to read accu- 
rately. He refers to certain of my conclusions as those of a logical 
positivist. I cite the record in which, together with C. West 
Churchman in our earlier careers in the philosophy of science, we 
attacked logical positivism as an inadequate philosophy (1) (3) 
(4) (5) (6) (7). . 

He also writes that one of my articles (2), suggests “that man- 
agement will become ‘automatic’ in the future through the “ppli- 
cation of mathematical decision making, abetted by the computer. 
.. . What is implied is not that present managers have to change, 
but that they must abdicate.” Let me just quote some relevant 
passages from the article to which Mr. Odiorne refers and demon- 
strate either his lack of understanding or conscience. 

“In my opinion, operations research is the bridge over which 
the present is passing on its way to what I call ‘automatic man- 
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omments 


agement.’ This term is likely to antagonize manv but | feel it 


may call for attention from some who would not otherwise 
pause to think about the extension of automation into manage- 
ments domaim 

‘Some may choose to discredit this forecast as visionary or 
mav be gin to fear that management may soon by confronted 
bey technological thes forecast Is correct, The 
fear is unfounded even if mv forecast is correct 

“Tl would rather stats posrtively what I beheve will be the 
of automatr on management 

“Ll. Automaty 


trolled Models and is will have to be 


tnanagers will themselves have to he con- 
placed in therm Human miahaigers will do this But. vou may 
sav, this requires a degree of technreal knowledge most human 
do not have Dru they may not now bout 
thes ell bh oat Today rs have conmsice rably more 
technical ledges than the manager who controlled madustry 
before the first madustrial revolutron. management to a 
large extent is technically tramed to a degree undreamed of by 
of previctis generations Thee know le ge 
required by tomorrow is no greater im quantity but is different 
in content from that required move trom Vest to today 
Ane like preceding velution i? will happe nih one gen- 
eration Pod Vs mahagement will not have to le arn all the new 
things, but its hes im imitiating an expanding 
traming of management that will continue im the generations 
between the now and the fhe: 

2. Most complex management problems will not be capable 
of complete automation. Eleetronie brains will handle only 
those factors which ean quantified In many, if not moet 
cases management will still have to add ite expenence and judg- 
ment before a complete decision mw reached. But human man- 
wers will be relreved of the routine aspects of decision-making 
such as examining and analyzing large quantities of data and 
and the stitn of rele Costes 

“Furthermore, at any stage im the automation of manage- 
ment there will be certam decisions not vet susceptible to 
automation. These will be the more complex decisions involving 
the many mtangibles of the dav, meluding ethical, moral, politi- 
eal, and esthety problems Human managers will be freed by 
the automatic managers fo give these problems the time they 
reqpuire which time were if not for the automatic managers, 
they would not be free to wive ane, in fact. cannot give today 
We have not and probably will not ever mechanize every 
manual operation. A seemingly infinite number will always re- 

main. Similarly, we will never reduce all problems to a form 
where the automatic munager can take over, The solution of 
any problem alwaves forces man to become conscious of another 
he had hitherto ignored. Thi i the essence of progress—-to 
move from lowe r order to higl er once r problema, to become 
creasingly self conseious and «elf-evaluative, In brief, automatic 
management will create at least as many problems for human 
managers as it will solve. These new problems, vet to be created 
ind vet to mee to consmousness, will help tomorrow's human 
manager to be more effective than the manager of today.” 

In mv opmion, what Mr. Odiorne has to say about what OR 
can and can't accomplish is quite accurate, OR is only.a way of 
sew ntifie thocds, techniques, and tools the man- 
ager in making better demons. It is not a substitute for manage- 
ment but it can relegate to the routime certam ivpes of repetitive 
management demons, and it can aml has been used to solve 
complex non-repetitive problems as well, There is a considerable 
tendenev to oversell OR but most of the has come from associa- 
tions and societies which have tried to exploit the popularity of 
OR by filling conferences, workshops, and seminars, which have 
large registration fees associated with them, No such meeting has 


ever been conducted by any somely of professional OR men. 
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What Mr. Odiorne has to <ay about how OR is done, its un- 
derlying philosophy, logic, and method is fiction. No professional 
OR man takes the physical analogues to which Mr. Odiorne re- 
fers as seriously as he does. They are heuristic devices, not prin- 


ciples or solutions to problems. What he has to say about proha- 
Inlitvy evades my comprehension: “Before OR can be adopted as 
a model of decision making mn manv areas of management if 
must more logically define the degree to which their rational 
deemons or laws of management bring order into the jungle of 
intuition, emotion, and reasoning by expenence hunch.” This isn't 
a matter of definition, it is a matter of demonstration. If the past 
demonstrations by OR had been less convinemg it would not b« 
necessary for Mr. Odiorne to expend so much energy cautioning 
others not to become overenthustiastic 

“Over-anything” including “overselling” is a “bad thing” but 
18 “under-anything” including wade restimating and and 
rstanding 
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“Scientific 


AUTHOR'S COMMENTS 

Mr. Ackoff, a redoubtable and respected figure in OR remforces 
the need which my original article sought to point out. I sense 
that he is pleading personally “not guiltv”—and rightly so—to the 
charges I make that a lunatic fringe exists in OR circles that is 
doing serious damage to the art. Unless the cultists and opportu- 
nists can be drummed from the clan by the more rational practi- 
tioners, the very reckleseness and irresponsibility which they show 
will diseredit even the best 

Mr. Ackoff imputes this irresponsibility only to “societies and 
associations” to which list he might have added some consul- 
tants, some corporate staff people and perhaps a college professor 
here and there. 

I must confess that I can't give any statistics about the quan- 
titative scope of this cultism in OR, any more than I could of a 
more general lunacy in the whole population. I can only judge 
from the OR men I've met and heard, and seen in action, which 
ones I considered serious and responsible professionals, and which 
ones—to put it delicately—are less adequate. 

Mr. Ackoff can't escape wholly unscathed, however. I sense 
from his article and the portions quoted above that he stands 
with reluctant feet where the scientists and humanists meet, and 
ean only hope he maintains his balance. For example, he tipped 
over a bit when he was in one of his provocative moods and 
coined the phrase, “automatic management.” 

Not evervone in OR is as rational as Mr. Ackoff, nor is every 
OR team blessed with a philosopher as is the Case Institute in 
the person of C. West Churchman. I would suggest that perhaps 
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more people such as Mr. Ackoff ask themselves, “what are we 
going to do to keep professional standards high in OR?”, and 
perhaps a few more articles identifying the bugs in OR would be 
appropriate —George S. Odiorne, Director, Intra-Company Man- 


agement Program, American Management Association. 


AN APPLICATION OF LINEAR PROGRAMMING TO THE 
ASSIGNMENT OF MATERIALS HANDLING EQUIPMENT, by 
Virgil Erickson and Paul H. Randolph, Journal of Industrial 
Engineering, November-December, 1957. 

In its present form the work reported by Virgil Erickson and 
Paul H. Randolph under the title “An Application of Linear 
Programming to the Assignment of Materials Handling Equip- 
ment” is apt to give a reader several misconceptions of the value 
and limitations of Linear Programming in this particular type of 
application. 

In this paper, three materials handling resources—conveyor, 
automatic palletizing, and manual palletizing—are allocated among 
twelve product lines. Two of these resources have a linear rela- 
tionship between cost (man hours) and pounds of materials 
handled. The third resource (automatic palletizing) does not 
exhibit this linear relationship. As stated by the authors, each 
item of automatic palletizing equipment can handle the output 
of one and only one production line in a day independent of the 
amount produced by that line. 

The authors chose to approximate the characteristics of the 
automatic palletizing equipment with a linear function so that 
linear programming could be applied. As the authors pointed out, 
the resulting linear programming solution is not the optimal one. 
Unfortunately, the authors do not make it clear that this does 
not stem from any inherent weakness in the linear programming 
technique but from the approximation of a nonlinear function 
by a linear function. As a matter of fact, when the limitations of 
automatic palletizing are taken into account correctly, there is 
another solution to the assignment problem that is lower in cost 
than either the linear programming solution or the modified solu- 
tion given by the authors. This lower cost solution would in the 
terminology of the authors of this article involve assigning product 
line 8 of 117,000 pounds to automatic palletizing and product line 
9B producing only 33,000 pounds to manual palletizing. The saving, 
again in the terminology of the authors, would be of the order of 3.7 
man hours. The major conclusion that can be drawn from the fore- 
going is that considerable exercise of judgment is required when 
an attempt is made to apply linear programming to problems in 
which one of the major relationships is not linear. 

There is a second and somewhat less serious criticism that can 
be made of this article. The actual problem of assignment in- 
volving only three types of equipment is sufficiently simple that 
it can be solved by inspection in much less time than it can be 
solved by linear programming. It takes approximately ten minutes 
to solve this problem by inspection. I agree that it is useful to 
publish articles on the application of linear programming when 
the example chosen is simple enough that it can be solved by 
inspection. This is a standard and valid pedagogical technique for 
illustrating the application of a complicated method of analysis. 
However, the authors of such papers should clearly state that the 
problem has been simplified to demonstrate the application of a 
method of analysis. Otherwise, the reader is apt to draw the con- 
clusion that all applications of the method of analysis (linear 
programming in this case) are easier to solve by inspection than 
by the use of a more sophisticated technique—David FE. Debeau, 
Department of Economics, Battelle Memorial Institute. 


THE ASSIGNMENT OF WORKERS IN SERVICING AUTO- 
MATIC MACHINES, by Docent Conny Palm, Journal of In- 
dustrial Engineering, January-February, 1958. 

Your article “The Assignment of Workers in Servicing Auto- 
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matic Machines” translated by Lovgren was most interesting. 
However, in going over some of the mathematical derivations | 
noted some printer's errors which may be of interest to others 

Since these equations lead to Eq. 52. (which is correct), the 
errors only effect the steps in the derivation. I pas« this informa- 
tion on to you for what it may be worth should any questions 
arise. 


Eq. 48, should be: 


h d I 
Qo = Qn + + Qa + 
m m min 
Eq. 50. should be: 
Vd 4+ 
n 


Vo = + kQ, + 


Eq. 51. should be: 


Eq. Sila. shotihy be: 


\ Vd 4 


GA 


—Peter K. Studner, Glenbrook, Connecticut. 


On page 35, column 1, the sixth line from the bottom should 
read k = 0.1 instead of k = 1. 

There is a linotyping error in the heading in Table 2, page 38. 
V.+ 1 should have been set as V..,—Stdney 1. Neuwirth, Man- 
ager, Operations Research, Johnson & Johnson, New Brunswick, 
New Jersey. 


WALTER RAUTENSTRAUCH’S PIONEERING WORK—A 
50TH ANNIVERSARY, by Raymond Villers, Journal of /n- 
dustrial Engineering, January-February, 1958 


In Dr. Raymund Villers’ recent article, the following phrases 
appear on page eight: “.. . To serve this purpose, he offered as a 
tool of management Ais now famous break-even chart... . Actu- 
ally, Rautenstrauch’s break-even chart .. .” (italics supplied). 
These statements suggest that the break-even chart was the inven- 
tion or creation of Walter Rautenstrauch. 

As a popularizer of the terminology of break-even analysis and 
as a popularizer of one of the two main versions of the break-even 
chart, Walter Rautenstrauch stands without peer. But the credit 
for the origination and creation of the break-even chart belongs, 
if it belongs to anyone, to Henry Hess. 

Henry Hess, in 1897 at the time Walter Rautenstrauch was a 
17-year-old high school student in Missouri, published a paper 
that clearly makes the distinction between fixed and variable costs 
with respect to the volume of operation, a distinction basic to the 
break-even chart (1). And in 1903 just after Walter Rautenstrauch 
completed a master’s thesis on the design and construction of 
ships, Mr. Hess published a copyrighted break-even chart very 
similar to the ones Walter Rautenstrauch later popularized (2) 
(5). Walter Rautenstrauch in his 1903 thesis gives no basis for 
even assuming he was aware of the distinction between fixed and 
variable costs with respect to volume, a distinction that is funda- 
mental to the design and construction of break-even charts. In 
fact, even as late as 1918, Walter Rautenstrauch made little if any 
published use of this fundamental distinction (4). And this is odd, 
because both Henry Hess and Walter Rautenstrauch were mem- 
bers of the Columbia University Mechanical Engineering faculty 
in 1908-1909 (8). 

In any event both Walter Rautenstrauch and Henry Hess have 
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claimed ormmmating the break-even chart and manifestly they both 
cannot be rmght (2) (5). In fact, the first published break-even 
chart that Walter Rautenstrauch presents was in 1922 (the year 
Henry Hess died) vet others prior to that time mentioned break- 
even charts of both schools of thought (3) (6) (7) 

For these reasons, | am surprised to see Dr. Raymond Villers 
suggest that Walter Rautenstrauch’s proneering work included the 
break-even chart. In fact, 1 am doubly surprised because this 
matter has been publicly called toaDr. Villers’ attention before, 
ind he hus preatylye ly acknow ledged his awareness of the facts. 
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Unpublished correspondence between Columbia University 
aml Ned Chapin 

Ned Chamn, Menlo Park, California. 


AUTHOR'S COMMENTS 

Thank you for giving me the opportunity of. answering the 
letter vou received from Mr. Chapin 

To begin, I am surprised by the last paragraph of his letter, 
which implhes that I once acknowledged anything contrary to the 
views expressed in my recent article. Actually, Mr. Chapin is 
referring to my letter to the editor of the Journal of Business of 
the Umvermty of Chicago (6) wm which | brought out maccurate 
statements made by Mr. Chapin in his own article published in a 
preceding isue (7). Specifically, in his article, Mr. Chapin had 
stated “Professor Rautenatrauch’'s publications prtor to 1930 
neither mentioned nor used the break-even chart.” Now, in hus 
letter, Mr. Chapin states: “The first published break-even chart 
that Walter Rautenstrauch presents was in 1922.” I am glad to 
see that Mr. Chapin thus acknowledges that he was misinformed 
when he wrote his article on “The Development of the Break- 
Even Chart.” 

With regard to Mr. Chapin's claims concerning the work of 
Henry Hess, I wish to offer the following comments: 

First: The distinction between fixed and variable costs was dis- 
covered and presented in 1832 by Charles Babbage (1). 

Second: The graphical presentation published by Henry Hess 
in 1903 was a remarkable and creative work. Mr. Chapin’s state- 
ment that it was a “copyrighted break-even chart,” however not 


only ignores the fact that Henry Hess never used the terminology , 


“break-even chart,” but, even more important, it also ignores the 
fact that Henry Hess’ presentation could be used for break-even 
analysis only in some very exceptional cases and does not by itself 
constitute the break-even chart as it was developed by Walter 
Rautenstrauch and as it is used today for the purpose of break- 
even analysis. 
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Walter Rautenstrauch’s break-even chart is the graphical pres- 
entation of the cost to sales relationship. It is based upon the con- 
cept of functional charting (plotting sales in abscissa and costs in 
ordinate, using the same seale). This was Walter Rautenstrauch = 
own idea. It had never been done before. It is this concept of 
functional charting which has gained such a wide acceptance im 
industry for Walter Rautenstrauch’s break-even chart and also 
for his profit-and-loss chart which is based upon the same prin- 
ciple. 

Finally, Mr. Chapin is certainly entitled, like any of us, to have 
his own opinion and to disagree with anyone else, but it is difficult 
to understand why Mr. Chapin chooses to ignore the fact that 
Walter Rautenstrauch, who actually developed his break-even 
chart shortly before World War I, has been so widely recognized 
as the ormmator of the break-even chart (2) (4) (5) (8) (9) (10). 
Among others, Waldemar Kaempffert, the recogmzed expert in the 
history of seentific developments, stated: “Out of such research 
came the break-even chart, which is the invention of Dr. Walter 
Rautenstrauch .. .” (3). 
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PROFESSIONAL RELATIONS ACTIVITIES 


The unanimous election of the AIIE to constituent member- 
ship of the Engineers Joint Council in February, 1958, is tairly 
common knowledge to most members by now. What may not be 
as widely recognized is the significance attached to this relation- 
ship—especially for the individual Industrial Engineer. 

Wide spread professional recognition of the ALIE has been the 
goal of many men since Wyllys G. Stanton first founded the so- 
ciety. The realization of this goal-began in earnest when a focal 
point for coordinated efforts was devised. This focal point came 
into being in 1955 at the St. Louis convention when a Professional 
Relations Committee was founded charged with the responsibili- 
ties of : 

Advising the President and the National Board of Trustees 
of the AIIE on all problems concerned with coordination with 
other societies, institutions, and organizations in the field of 
engineering, science and management. 

Participation in activities of joint interest, on behalf of ALLE. 
Dr. Alex Rathe was given the responsibility of heading this 

group and it was largely through his efforts and the efforts of the 
men within this group that the AIIE in very short order was in- 
vited to sit in council with the other recognized professional en- 
gineering organizations that make up the Engineers Joint Council. 

The Engineers Joint Council is a federation of professional so- 
cieties representing a quarter of a million engineers. The general 
objectives of the Council are: 

1. The advancement of the genera! welfare of mankind through 
the available resources and creative ability of the engineer- 
ing profession. 

2. The development of recommendations for sound public poli- 
cies respecting national and international affairs wherein the 
engineering profession can be helpful through the services of 
the members of the engineering profession. 

The attainment of these objectives requires the cooperation of 
the various branches of the engineering profession and the Engi- 
neers Joint Council seeks to promote this cooperation by: 

1. Acting as an advisory and coordination agency to seek and 
study matters of mutual interest to the constituent societies 
of the Council. 

2. Representing the constituent societies of the Council in those 
instances where joint representation is desirable. 

3. Administering on behalf of the engineering profession, those 
activities authorized by a majority of the constituent socie- 
ties of the Council. 

In order for the AIIE to qualify as a constituent society, we 
had to show that a majority of our members were either engineer- 
ing graduates of colleges of recognized standing or licensed by a 
state board of registration for professional engineers. In addition, 
our total membership had to exceed 5000 (which it now does by a 
healthy margin). 

The Council accomplishes its work through committees made 
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tp of members from the constituent societies who have a specific 
interest in the problems studied by that particular committee. In 
'S58, the AITE will be participating in 17 such groups. Our activi- 
lies in these committees will be presented in future issues of the 
Journal. 

A brief review of some of the major committees and thei 
assigned responsibilities will indicate the breadth of the activities 
undertaken by the Engineers Joint Council. 


The National Engine ers Committce 

This group is the working body through which the Council 
functions in its relations with the United States Government 
This committee may appoint task committees for the specific 
studies in cases where the engineering profession may enhanes 
the public interest. 


Committee on Engineering Scronces 

The Council set up this group to cooperate with the National 
Science Foundation in Initiating and developing basic research in 
engineering sevences. Engineers Jomt Council is thus performing 
one of its primary functions by speaking as, and getting its con- 
stituent societies to act as, a unit for the profession. 


Labor Legislation Panel 

The primary responsibility of this panel is to review the as- 
pects of labor legislation which affect the profession of engimeer- 
ing and report to the Board of Directors on matters appearing to 
require action. 


Committee on International Relations 

This group serves as the working body through which the 
Council functions on international activities and through which 
the Council conducts its dealings with foreign engineering societies 
and engineers. 


National Water Policy Panel 

The National Water Policy Panel is authorized to take such 
steps as may be indicated from time to time to encourage the 
adoption of a coordinated national policy im the field of water 
resource development. 


Engineering Manpower Commission 

This commission. is charged with the responsibility of develop- 
ing policies and procedures to aid in establishing the importance 
of engineering to the national economy, to aid in marmtaiming the 
supply of trained engineers, and to promote the most effective 
utilization of engineers in support of the national health, safety, 
and interest. 

The Commission is authorized to collect funds from industry 
and employers of engineers to carry out the purpose of the Com- 
mission. 


Atomic Energy Panel 

The impact of nuclear engineering on the various branches of 
engineering is studied and evaluated by this group. Appropriate 
recommendations may be submitted to member bodies of the 
Engineers Joint Council, to congressional committees, to the 
Atomic Energy Commission, or other governmental agencies. 


Committee on Employment Conditions 

This committee collects and prepares for distribution data re- 
garding the economic and social conditions of employment of 
engineers. 


Committee on Honors for Engineers 
The Honors Committee is responsible for developing methods 
by which distinguished engineers may receive suitable recognition. 
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In addition to the above committees there are other groups 
rned with: 

Air Pollution 

(Consulting Practice 

A National Engineer's Registe: 

The Practice of Engineering 

Recognition of Specialties in 

hos Whe iti ering 

There are several committees direetly concerned with the 
guidance and administratoon of imternal affairs such as Mem- 
bershup and Executive committees 

third area of mterest mw the activities earned on bv the 
kngimeers Councal with other national and international 


The EOPD Survey of Profession 
The Nuctleay (ongre as Poley Board 
RIC’ —Amenecan Inatitute of Architects 


The Premdent’s Committee on Screntists and rs 

Secretariat for the Committee on Large Dame 

The U.S. National Commission for UNESCO 

The ( ooperatir Committee for the Tea hing of Serence and 
Vathe matics 

Secretanat for the U.S. National Committee of World Power 
(C'onterence 
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This bret outline serves only to indieate the broad range of 
the Engineers Jomt Counel activities in attempting to meet its 
objectives, The AILE, im ‘the future, will be plaving an increas- 
ingly active part m these activities. The Journal will report on 
the work bemg bw the engineers Joint (‘ounesl amd more 
spreente iilv, the effeet of these activities on each member 

Reported for the Profeasonal Relatitona Committee 


By ©}. J. 


CALENDAR 


Personal Development Workshop featurmg 
Skirvin Hotel, Oklahoma City. Write: Terry 

Lith Street, Oklahoma City 7, Oklahoma. 
sponsored by the Relations with 


January 24, 1959 
Rav Montsalvatge: 
S. Leard, 4425 N. W 

January 26-27 Conferences 
Industry Division of Amenecan Somety for Engineering Education, 
University of Houston, Theme Industry Speaks Its Mind on 
Education, 

January 26-30: Advaneed Industrial Engineering Intensive 
Courses, Washington University, St. Louis, Missouri. Write: Uni- 
versity College, Washington University. St. 5. Missouri 
February 5. 1959: Ten-Dav Engineering and Man- 
agement Course: University of Cahforma, Los Angeles. Write 
Reno R. Cole, Engimeering and Management Course, College of 
Engineering, Room 3104, University of Califorma, Los Angeles 24, 


January 26 


California, 

February 6-7. University of Calforma’s Eleventh Annual In- 
dustrial Engmeecrme Institute will be conducted sumultancously on 
the Berkeley and Los Angeles campuses. Write: Department of 
Conferences, Unyersity Extension, University of California, Berke- 
lev 4 or Los Angeles 24, Calitorma 


1058-1059 

Oklahoma State University i conducting a senes of seven man- 
agement institutes for executives. The first was held October 30 
and the second November 20. Topies have been selected for future 
dates as follows 

December 18— Brainstorming for Ideas in Management” 

January 1 “Building an Effective Communications System” 

February 19-“Organization Planning and Executive Develop- 
ment 

March 19—"Organized Labor Today” 

April 16 “Responsibilities of a (‘ompany President” 


November—December, 1958 


PERSONALITIES 


ARTHUR E. ARONSON 

Arthur E. Aronson, Manager of the Standards Department, 
A. B. Dick Company, and member of the Chicago Chapter, AILE, 
was presented with an Award of Merit by the American Institute 
of Industrial Engineers. 

John I. Herlihy, AITE Chapter President, explained that the 
Ameriean Institute of Industrial Engineers annually selects a 
practicing Industrial Engineer who participates actively im civic 
affairs. “Art Aronson has given unstintingly of both time and 
effort to promote many worthwhile engineering and civie pro)- 
ects,” Mr. Herlihy declared in presenting the award 

Mr. Aronson is a Past President of the Chicago Chapter of 
AILE. Member Board of Governors, Chicago Technical Soceties 
Council, Member of the School Boards in Wheeling and Arling- 
ton Heights, Ihnois, and a leader in various youth projects m 
these communities. 


NORMAN N. BARISH 

Professor Norman N. Barish, chairman of the industrial and 
management engineering department at New York University’s 
College of Engineering, has been named associate dean of the 
College. His appointment was announced July 1 by Dean John R. 
Ragazzini. 

Professor Barish, an authority on business systems and organi- 
zation, served as acting dean of the College during the 1957-5 
academic vear. He has been secretary of the College since 1948. 

Before coming to NYU in 1947, he was an engineering consul- 
tant, an industrial engineering supervisor for the Radio Corpora- 
tion of America, and an economic analvst in the federal Office of 
Production Management. He holds bachelor’s degrees from the 
Citv College of New York and the University of Michigan, and 
a master’s degree from the University of Pennsylvania. Professor 
Barish is the author of “Systems Analysis for Effective Admuinis- 
tration” and co-author of “Case Studies in Industrial Manage- 
ment.” In addition, he has written numerous articles for profes- 
sional and business journals. 

He is past president of the New York chapter of the American 
Institute of Industrial Engineers and an active member of sev- 
eral other professional groups. He also holds membership in four 
honor societies: Phi Beta Kappa, Tau Beta Pi, Pi Tau Sigma, and 
Alpha Pi Mu. 


AKRON CHAPTER 

The Akron Chapter of the American Institute of Industrial 
Engineers held its annual ladies night dinner meeting on May 21, 
1958, at the Chesterfield Inn Hotel, State Road, Cuvahoga Falls, 
Ohio. The group heard Mr. Roger R. Clouse, Vice President and 
Secretary of the Federal Reserve Bank of Cleveland, talk on the 
subject, “Executive Development—The Husband and Wife 
Team.” 

At the regular technical meeting on June 18, 1958, the Chapter 
sponsored a cost reduction panel discussion. The panel consisted 
of Mr. R. A. Jay, Assistant to the President, Goodvear Tire & 
Rubber Co.; Mr. Howard F. Doll, Vice President of Manufactur- 
ing, Lamb Electric Co.; Mr. E. A. Cafieno, Executive Assistant, 
Chrysler Corporation. 

Also, at the June meeting, new Chapter officers were installed. 
This meeting concluded the Chapter’s fiscal vear. For October, 
the Chapter planned a five-day symposium entitled “Economic 
Areas for Industrial Engineers.” The symposium was conducted 
by Mr. Lowell N. George, conference leader from the Office 
Management Training Program, Goodyear Tire & Rubber Co. 


CENTRAL ARIZONA CHAPTER 


In April, the Central Arizona Chapter held an all day seminar, 
with informative talks given by the local members. Mr. Donald 
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Teapole, of Reynolds Metals Co., spoke on “Quality Control” 
with emphasis on statistical methods of sampling plans. Mr. Mer- 
lim Vincent and Mr. Emil Karas, both of Goodyear Aircraft 
Corp., explained the Goodyear Aircraft System of Production 
Control and Scheduling. Mr. Gordon Edgar, of Teleo Corp., spoke 
on “The Role of the Industrial Engineer and His Place in the 
Organization.” 

At the May meeting, members and their wives heard an ex- 
tremely entertaining talk on “Work Simplification in Industry 
Applied to the Home,” presented by Mr. Elliott Kaufman of 
General Electric Co. Mr. Kaufman humorously described his 
results in attempting to scientifically organize household chores. 

Mr. Edward Varney, A.I.A., renowned Phoenix Architect, pre- 
sented the “Plan for Progress” story to the chapter at the June 
meeting. Mr. Varney pointed out to the AITE the areas where we 
might be of assistance in the program designed to insure orderly 
growth of this area. 

A panel discussion of Quality Control took place, conducted by 
the following well qualified men: Mr. Reed Pennell, of Motorola, 
Inc.; Mr. Chet Vermilyea, of Goodyear Aircraft Corp.; Mr. Don 
Lewis, of Sandia Corp., Albuquerque, New Mexico; Mr. Walt 
Kidwell and Mr. Solon Bennett, of AiResearch Mfg. Co. 

In July, our Chapter was conducted on an interesting tour of 
the Phoenix plant of the Reynolds Metals Co. The tour was 
capably directed by the plant's Chief Industrial Engineer, Mr. 
Robert Castle. This plant is the world’s largest aluminum ex- 
trusion facility for the production of extruded aluminum shapes 
and drawn tubes. 


CHATTANOOGA CHAPTER 

The meeting in April was devoted to the subject of “Operations 
Research,” and the speaker was Dr. Joseph Krol from the Georgia 
Institute of Technology in Atlanta. Guests in attendance included 
four members from the Middle Tennessee Chapter in Tullahoma. 
A paper on “Operations Research” was prepared by Dr. Krol and 
copies issued to each person who attended the meeting. 

The May meeting was election nite and Ladies nite. Electric 
organ music and the presence of the ladies made a memorable 
social evening for the Chapter. The officers elected for 1958-59 
are as follows: President, Robert Marye; Vice President, Joseph 
F. Gregory; Recording Secretary, James E. Deuel; Corresponding 
Secretary, James A. Prigmore and Treasurer, Richard N. Wilhoite. 
The Board Members are: Charles P. Wehman, David C. L’'Heu- 
reux, David G. Dall, and George J. Awad. 

The membership congratulated Past President, Dave Dall on 
his appointment to the post of Vice President, Southeastern Re- 
gion for the coming year. 

Chapter activity for next year will include work on a two-day 
Seminar, to be held in the early spring, probably in conjunction 
with the University of Chattanooga. Attention will also be given 
to the Chapter Development Program and to legal registration 
for members. Chattanooga is proud of its net increase of 12 mem- 
bers during the past program year, which was the greatest in- 
crease of all established chapters in the Southeastern Region. 
Eighteen Companies are now represented in the membership. 

Plans were approved to continue meeting on the third Thurs- 
day of the month at the Hotel Patten for the 1958-59 year. 


COLUMBUS CHAPTER 

On May 27, the Columbus Chapter held their final regular 
meeting of the year at the Seneca Hotel. It was a non-technical 
meeting with emphasis on fellowship. 

Mr. John Bowers, Manager of Engineering, Bell Sound Sys- 
tems introduced us to the fascinating field of high fidelity and 
orthophonic sound reproduction via a very stimulating discussion 
and demonstration of various types of available equipment. 

Chapter election results were announced at the metting. The 
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following men were elected to guide our group through the fol- 
lowing year: President, John Parks, Surface Combustion Corpor- 
ation; Vice-President, Wm. R. Gale, Owens Corning Fiberglas; 
Secretary, D. J. Worstell, Denison Engineering and Treasurer, 
Earl Adey, Jeffrey Manufacturing Company. Board Members 
are: John Martin, North American Aviation; Bernard E. Egger, 
Norman Products and Heber Newell. 

Refreshments were served after the program and the fellow- 
ship enjoyed by the members and their guests was a fitting climax 
to a very successful year for this chapter. 


GREAT SALT LAKE CHAPTER 


Tue Frank Grosecrose Awarp AWarpep To THe Carat 
Lake CHAPTER FoR OUTSTANDING ACHIEVEMENTS IN 1958. 


HOUSTON CHAPTER 

“Effective Work Simplification Training” was the subject of 
the final program of a very successful series of technical meetings 
for the Houston Chapter, Other programs in the 1957-58 series 
have presented well-qualified speakers on such subjects as: 
“Labor's Views Toward Industrial Engineering,” “Quality Assur- 
ance,” “Problems in Connection with Relocation of a Manufac- 
turing Plant,” “The Learning Curve,” “Job Evaluation,” “Per- 
formance Standards for Materials Handling Operations” and “Or- 
ganization for Operations Research.” 

An additional highlight of the closing meeting was the an- 
nouncement of chapter officers for next year. They are: President, 
Robert H. Raldton: Vice President, Jack H. Huffman; Secretary, 
John B. Rogers; Treasurer, Harry Rauch; Directors, H. R. Bel- 
cher, R. E. Doherty, Carrington Mason and Jerry Tagg. 

On June 21 members, wives, and guests were entertained with a 
social evening of dining and dancing at Ellington Air Force Base 
Officers Club. 

The Houston Chapter, AIIE, and the Industrial Engineering 
Department, University of Houston, jointly sponsored the Fourth 
Annual Industrial Engineering Conference which was held in the 
Shamrock Hilton Hotel in Houston on November 7, 1958. 

Mr. Phil Carroll, well-known professional engineer, author, and 
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newly elected president of the Society for the Advancement of 
Manage ment, comducted the ome ~lay sesson on cost control, His 
subjects were 

lL. “Cost Control Through Time Study” 

2. “What iw the Measure of a Fair Dav'’s Work” 

3. “Management's Responsbility for Cost Reduction” 

4. “Reduction of Overhead Casts’ 

Mr. Sam Scharff, Ernst and Ernst, Houston, was the luncheon 
speaker; and Dr. J. T. Elrod, Southwest Region Vice-President, 
AILE, and Head of Industrial Engineering, University of Houston, 


Was taster of ceremonies 


INDIANAPOLIS CHAPTER 


The Indianapols Chapter, American Institute of Industrial 
Engineers concluded its 1957-58 activities with a May 13, 1958, 
meeting at the Marott Hotel, when new chapter officers were n- 
stalled. Profesxor Harold Amrne, Head of Department of In- 
dustrial Engimeenng, Purdue University, and Regional Vice Pres- 
dent of AILE, gave an informal presentation in which chapter 
activities and proposals for future goals and accomplishments 
were discussed 

The Indianapolis Chapter Wits pres nied ite charter by Mr. R 
W. Updegraff, Viee President of the Central Region, on January 
IS, 1957. Thirtv-ewht charter members formed the new chapter, 
twenty-seven of which were new members of the Institute 

The meeption of the Indianapols Chapter of AITE took place 
at a theeting October 26. 1956. at the Marott Hotel. and was or- 
ganized by Wilham Ek. Ohver, Chief of Production Incentives, Eli 
Lally Company, Indianapolis, Indiana, and received asmstance by 
several members of the Louwsville, Kentucky Chapter. Seventy 
interested persons atte nded-the meeting including Professor H. H. 
Young, President of the Central Indiana Chapter, “Doe” Eldridge, 
President of the Lowmville, Kentucky Chapter, and D. A. Tren- 
with, representative from Natronal Headquarters, ALLE, Colum- 
Temporary otheers elected to get the new chapter 
organization im motion included: President, William E. Oliver, 
Eh Lilly & Company; Vice-President, G. Giambalvo, General 
Kleetne Company; Secretary W. E. Dickerson, Linde Air Prod- 
ucts; Treasurer, Richard R. Hall, The Richardson Company; 
(‘onstitution Committee, P. H. Sweet, Diamond Chain Company ; 
Membership Committee, George Remlinger, The Richardson 


bus, 


Company 

The 1957-58 Indianapolis Chapter activities were bolstered by 
a full staff of committees including those for Programs, Member- 
ship, Arrangements, Pubheity, Newsletter. 
Monthly meetings engulfed such programs as Plant Tours, Speak- 


(‘onference and 


ing Presentations, Panel Discussions and Conferences. Represen- 
tative of these programs were: “The Right Answer To The Wrong 
Question” by Mr. Wilham Swaggert, Head of the Economics Di- 
vision of Battelle Memonal Institute, Chicago, Ihmow; Dr. 
Gerald Nadler, Professor and Head of Department of Industral 
Engineering, Washington University, St. Louis, Missouri, pre- 
sented the theme “Industrial Engimeerings Professonal Develop- 
ment,” a Panel Discusson headed by three speakers representing 
Indianapolis Industries, Mr. Dave Ford, Chrysler Corporation, 
Mr. William Schilk, Ford Motor Company and Mr. Ed Conn, 
Stewart Warner Company; and a comprehensive presentation on 
“Work Sampling Rated for Establehing Work Standards,” by 
Mr. Don Culver, Eh Lilly Company, Indianapolis, Indiana. 
Highlight of the 1957-1058 sexions was “The Power of Positive 
Industrial Engineering” Conference held March 6, 1958, at the 
Marott Hotel, Indianapolis, Indiana. This conference, conducted 
jointly by Indianapolis Chapter ALLE, Indianapolhs Chapter SAM 
and Central Indiana Chapter AILTE, was headed by a list of ten 
speakers who encompass the fields of industry, business, engineer- 
ing sciences and education. Subject areas included Cost Reduc- 
tion, Union Attitudes, Human Relations, Machine Replacement, 
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Statistical Applications, Work Simplification and Wage Incentives. 
The speakers enjoyed by more than 100 conference participants 
included: Professor Harold A. Amrine, Head of Department of 
Industrial Engineering, Purdue University; Dr. Howard J. Fralish, 
Assistant Superintendent Engineering, Western Electric Corpora- 
tion: Mr. David Dolnick, Consultant, Labor-Management Re- 
lations: Mr. Lowell Holmes, Executive Director Management Re- 
search Associates, Indianapolis, Indiana; Professor Ralph Swalm, 
Associate Professor of Industrial Engineering, Svracuse Univer- 
sity; Dr. Charles Hicks, Associate Professor Mathematics, Purdue 
University; Mr, James F. Emerson, Head of Wage Incentives. 
Procter & Gamble Company; Mr. Floyd W. Simerson, Factory 
Management Department, Sears Roebuck & Company; Mr 
Charles Winkleman, Management Consultant; and Mr. James F 
Lincoln, Chairman of the Board, Lincoln Electric Company, 
Cleveland, Ohio. 

The outgoing Officers and Committee Members have presented 
a real challenge to the newly elected Officers and new Commit- 
tees, which the latter have surveved thoroughly and are approach- 
ing the 1958-1959 term with planned programs which hold promise 
for the same quality and educational activities displayed by the 
former years programs. 

Newly elected officers installed May 13, 1958, are: President, 
Stanley E. Roberts, Western Electric Company; Vice President, 
Richard R. Hall, The Richardson Company; Secretary, M. 8. 
Burden, Allison Division, G.M.C.; Treasurer, Tom Collins, West- 
ern Electric Company; Board of Directors, Phil H. Sweet, Dia- 
mond Chain Company; Don H. Gray, Western Electric Com- 
pany; William E. Oliver, Eli Lilly Company and W. E. Dicker- 
son, Linde Air Products. Outgome officers were: President, Wil- 
liam E. Oliver; Vice President, George Reimlinger, The Richard- 
son Company; Secretary, W. E. Dickerson; Treasurer, Richard 
R. Hall; Board of Directors, Richard L. Hawkins, Eli Lilly Com- 
pany and Irvin E. Poston (at large) General Motors Technical 
Center, Detroit, Michigan. 


LOUISVILLE CHAPTER 


On April 16, the Louisville Chapter met at Bellarmine College 
for a dinner meeting. Principal speaker for the evening was Dr. 
Marvin Mundell, whose topic was “Memo Motion Analysis.” 
Marvin Garrett, Chapter President, announced that a scholarship 
for one year's tuition at Speed School would be given by our 
chapter to a de erving freshman student. The winner's name was 
to be announced at the Engineering and Scientific Council Ban- 

The May meeting, our annual Ladies’ Night, this year took the 
form of a plant tour through the Couner Journal-Lousville Times 
Company. Conducted tours were timed so that members, wives 
and guests could see the presses in action. Mr. Basil Caummisar 
of the newspaper staff presented an explanation of the operation 

Officers of the Louisville Chapter for the 1958-1959 term are 
President, Sterling H. Durst; First Vice President, John K 
Rigby; Second Vice President, Herbert E. Rogers; Treasurer, 
Raymond B. Robison and Secretary, Don W. Fuller. 


METROPOLITAN NEW YORK CHAPTER 


At the closing meeting of the year Henry Owades, outgoing 
President, presented the Annual Report on Chapter activities. 

Highlights of the report were the increase of 109 members to 
a new high of 459, and the increase in the number of events from 
42 to 70. Included in the 70 events were 10 monthly programs, 
four ten-week courses, two Workshop Seminars and two Plant In- 
spection trips 

In the area of Student Affairs, the New York Chapter has insti- 
tuted two student awards to be presented annually to an out- 
standing member of the graduating class at Columbia University 
and New York University. The award at Columbia has been 
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named in honor of the late Prof. Walter Rautenstrauch, and the 
New York University award has been named in honor of Prof. 
David B. Porter. First awards will be made in 1959. 

In conclusion Mr. Owades stated that the experience gained in 
making managerial decisions, in experimenting with new Industrial 
Engineering techniques, in establishing close relationships with 
some of the best Industral Engineers in the area are the compen- 
sation for the time and effort expended on behalf of the Metro- 
politan New York Chapter. 


MIDDLE TENNESSEE CHAPTER 

The following write-up appeared in the Tullahoma News and 
Guardian, Friday morning, June 27, 1958. 

Ernest Teasley, of Manchester, is the new president of the 
Middle Tennessee Chapter, American Institute of Industrial En- 
gineering. He succeeds Ed Prather, of Tullahoma. 

Mr. Teasley is an employfe of ARO Inc., contract operator of 
Arnold Engineering Development Center. He works in the pro- 
pulsion wind tunnel facility at the air center. 

Other officers are Bob Koger, vice president; Tom Bigger, sec- 
retary; Cord Link, treasurer; Miles Maynard, program chairman; 
Don Bean, membership chairman; Earl Leech, publicity chairman, 
and Ed Prather, constitution chairman. 


OKLAHOMA CITY CHAPTER 


New officers for the Oklahoma City Chapter of AIIE are: 
Hugh Dean of IBM, Treasurer; Terry Leard of 8. W. Bell, Presi- 
dent; and Norris Griffith of Western Electric, Secretary. Sam 
Austin of Tinker AFB, Vice President, was not present. 


PHILADELPHIA CHAPTER 


Our last meeting of the 1957-1958 season was held on Wednes- 
day evening, May 21. The speaker for this meeting was Dr. Ed- 
ward M. Westburgh, who spoke on the subject of “A Management 
Evaluation and Merit Rating Plan.” Dr. Westburgh is Chief of 
the Psychological Service and Chief Psychological Consultant of 
the Department of Mental Diseases, Pennsylvania Hospital, Phil- 
adelphia, Pennsylvania. In addition to his educational training, 
Dr. Westburgh has gained considerable knowledge and experience 
in dealing with the problems of management development pro- 
grams and organizations gained through numerous consulting 
assignments in industry. 

Job evaluation refers to the importance of jobs within an or- 
ganization regardless of the money value attached to them. It 
is not a scientific measure but is based on informed judgment 
using objective approaches. Most job evaluation schemes involve 
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a form of comparison. Certain factors which are common to all 
jobs are isolated and defined. Point values are assigned to these 
factors. The degree of each factor present in a job determines the 
total point value, These point values may be assigned in one of 
three wavs: I. Stramuht penne values: 2 Multiple Values: or 3. 
Weighted values, These point values are plotted and a curve 
drawn. The number of job classifications are established by in- 
crements of point values. Money values are then assigned to the 
job classifications or for each increment in the seale 

In many instances a merit rating system is used im conjunction 
with the job evaluation program. The factors used in the merit 
rating program should be the same as those used to evaluate the 
jobs, According to Dr. Westburgh, the basic gains from job evalu- 
ation are uniformity, objectivity, and equity. Evaluation of a job 
should be performed by one who knows what the job is and not 
by a committee. The plan should not be so elaborate so as to be 
time consuming m its application, By the same token neither 
should the jobs be grouped merely to reduce the number of classi- 
fications. 

As part of the discussion period which followed his lecture, 
Dr. Westburgh described a plan he is currently working on for a 
firm in the area, 

Prior to the start of the formal meeting, Mr. Frederick A 
Cline, Jr., as the outgoing president, was presented with the Past 
President's Pin. 


SAN FRANCISCO-OAKLAND CHAPTER 


Our chapter, 222 members strong, wishes to extend an invita- 
tion to any and all out-of-town AIITE members who are in the 
Bay Area on our monthly meeting nights to join us. We meet the 
first Thursday of the month at the Hotel Claremont in Berkeley 
for 6:30 dinner and an 8:00 meeting hour 

There is a “get acquainted” coffee hour after every meeting 
sponsored by our chapter. This custom, which started on an oc- 
casional trial basis, has proved sv successful and rewarding it has 
now become a regular part of every session, It presents a wonder- 
ful opportunity to continue any discussion of the evening's sub- 
ject on an informal, relaxed basis. It also provides a fine chance 
to get better acquainted with our fellow members. 

The August meeting was keynoted by Mr. Lew Bohnne, 
prominent local restaurant management consultant. The problems 
of economical menu planning and etlicent restaurant layout were 
presented and thoroughly discussed, The pros and cons of steam 
table vegetables, efficient bartending and why a rare filet minoén 
sometimes turns up at the table well done were among the more 
interesting points of the talk. It was quite refreshing to consider 
the principles of our profession as apphed to this field. 

In July, Mr. Walter Tait of the Standard Oil Company of 
California gave a very fine talk on “Group Dynamics.” This 
presentation was a mixture of speaking and leading our entire 
group in an experiment and discussion relative to the subject. 

Two outside projects actively pursued by our group are pro- 
fessional registration by Industrial Engineers and sponsorship of 
the San Francisco Junior Achievement program. Professional 
registration is certainly a subject familiar to all of us. 

Our chapter's sponsorship in the Junior Achievement program 
has been a very worthwhile and satisfying one. We provide speak- 
ers at the Junior Achievement advisor training sessions and also 
counsel the individual J. A. companies, upon request, to help in 
their “production” problems. The chapter provided the committee 
to select the “Best Production Company” in the San Francisco 
J. A. Center and our President, Hal Downie, presented the award 
plaque to the winning company, Novelties Unlimited, at the 
annual J. A. banquet. 

Right now we are anticipating a dockside tour aboard one of 
the Matson Navigation Company's Hawaiian cruise ships. Natu- 
rally, the wives will be invited on this field trip. 


e 
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TOLEDO CHAPTER 
The Toledo Chapter of the American Institute of Industrial 
Engineers announces its program for the coming year. According 
to Mr. 8. Sponder, Program Chairman, the theme will be “Cost 
Reduction.” Speakers and fopies are as follows 
The first meeting held on Tuesday, September 23, was Man- 
agement Night, featuring the editor of Steel Magazine, Mr 
W. J. Campbell, speaking on “Lets Beat the Cost Crisis.” 
Following in October, the President of the National AILE 
Organization, Mr. G H CGustat, talked on “The Scope and 
Broader Aspects of Industrial Engineering.” Mr. Gustat is as- 
sociated with the Eastman Kodak Company of Rochester, New 
York 
The November meeting will feature a panel discussion on 
“Cost Reduction Through Man Power Control.” The moderator 
will be Protessor M. Netter. Jr. 
Industrial Engineering Department. Panel members will be Mi 
1). Dettinger, Assistant Chief Industral Engineering at the 
DeVillnss Company; Mr. W. Miller, Plant Industrial Engineer 
at Labbey-Owens-Ford Glass Company; Mr. L. King, Quality 
(‘ontrol Supervisor at the Uniteast Corporation; and Mr. J 


of the University of Toledo 


Schneider, Chief Industrial Engineer at the Toledo Stamping 
and Manufacturing Company 
around selecting, directing, controlling, utilizing, evaluating, 
motivating, and compensating of employees. 

To start the calendar year 1959, Mr. B. L. Hansen will speak 
on “Recent Techniques in Work Measurement.” Mr. Hansen 
ix Director of Research at the National Institute of Manage- 
ment located in Cleveland, Ohio. 

The tome for the February meeting will be “Fitting qa Cost 
Reduction Program To Your Company's Needs.” Speaker will 
be Mr. J. Ryan, Staff Supervisor with the A. T. Kearney and 
Company, Chicago, Ilhnoww 

Mr. R. Boerner from the Textileather Division of General 
Tire and Rubber Company will be the speaker at the March 
meeting. He is Director of Industrial Relations and his subject 
will be “Industrial Engineering and Labor Contracts.” 

The April meeting will feature Mr. N. V. Reinfeld, Man- 
aging Director of the National Institute of Management, as 
speaker, His topic will be “Inventory and Production Control 
Techniques.” 

The final meeting of the 1958-59 season will have Mr. W. W. 
Witthnger of the Kimberly-Clark Company, Neenah, Wis 
consin, speaking on “The Executive Approach to Industrial 
Engineering.” Mr. Wittlinger holds the position of Manager 
of Professional Sery me. 

The Toledo Chapter meets regularly on the fourth Tuesday of 
every month, September through May. Officers for the ensuing 
year are: Mr. D. Dettinger, President; Mr. J. Schneider, Vice 
President; Mr. F. Metzger, Secretary; and Mr. V. Caligiuri, Treas- 
urer. Board members are: Messrs. A. J. DeMars, L. King, W. Mil- 
ler, J. Schneider, C. Janowiecki, 8. Sponder, C. Cowles, and 
R. Cubbedge. 


UNIVERSITY OF MISSOURI STUDENT CHAPTER 

A student branch of the American Institute of Industrial En- 
gineering was formally installed at Missouri University on April 
22, 1958. The installation banquet was held in the Memorial Stu- 
dent Union at Columbia, Missouri 

Dick Palmer was toastmaster for the occasion. He introduced 
Dean Huber O. Croft, Dean of the School of Engineering and 
Doctor Ralph L. Scorah, Chairman of the Department of Me- 
chanical Engineering. Both of these men extended their con- 
gratulations to the new chapter and their best wishes for its 
future success. The Chapter was also honored to have Mr. Jack 
Sheehan the President of the Washington University Student 
Branch as its guest. He spoke briefly of the activities of the Wash- 
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Discussions will be centered 
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Engineers 


Presentation of American Institute of Industrial 
Charter to University of Missouri Student Chapter. Left to 
Right. James Schloemann, Secretary-Treasurer; Carl Wesemann, 
Student Chapter Chairman; Professor Robert M. Eastman, im 
charge of Industrial Engineering; Bruce Hudspeth, Vice Président 


ington University Chapter and gave a few suggestions to help get 
the new chapter here at Missouri off to a good start 

Mr. Palmer next introduced Dr. Robert Eastman, as the man 
most responsible for the founding of the new chapter of AILF 
Dr. Eastman spent a few minutes discussing future plans for 
the chapter and read a telegram of congratulations from Charles 
Brennan, Director of Student Chapters. He also briefly com- 
mented on the possibility of initiating a chapter of Alpha Pi Mu, 
the Industrial Engineering Honorary, on this campus, and then 
introduced the main speaker of the evening, Mr. Martin Bauer 

Mr. Bauer who is the President of the St. Louis Chapter of 
AIILE and Chief Industrial Engineer for Carter Carburetor im 
St. Louis, Missouri, presented the official AILE Student Branch 
Charter to Carl Wesemann, temporary Chairman of the Chapter 


WASHINGTON, D.C. CHAPTER 


The May meeting of our Chapter was held Tuesday, May 13, 
in the auditorium of the Perpetual Building Association. Mr 
Stanley R. Kalin, Chief Industrial Engineer for National Plastic 
Products Company of Odenton, Maryland, was feature: speaker. 
Mr. Kalin presented the history and structural basis for the 
work sampling technique, along with an audience participation 
demonstration designed to equip each participant to plan and 
carry out a work sampling study on his own. He explained how 
work sampling works, gave an example of the application of 
work sampling to an actual case, and discussed the effect of 
sample size on confidence limits. In addition, Mr. Kalin dis- 
tributed a nine-page handout which included: graphical means 
to determine sufficiency of observations; random times for work 
sampling studies; a work sampling bibliography; and a work 
sampling demonstration and evaluation sheet therefor. 

In an effort to increase the professional content of the agenda 
of each of the regular meetings, a brief professional development 
session is being scheduled on a trial basis. If, after a fair tral, 
these sessions prove to be of benefit, they will be conducted as a 
regular part of all meetings. The Journal of Industrial Engineering 
will be used as a text for these sessions. The first of these will 
start promptly at 8:00 p.m. and end at 8:15 on March 13 and 
the article, “Button, Button, Who's Got the Button?” in the 
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November-December 1957 issue of the Journal will be discussed. * 


Mr. John R. Immer will lead the discussion. In succeeding months 
other articles from the Journal will be selected for discussion and, 
wherever possible, discussion leaders will be obtained from our 
own membership. 


WESTERN VIRGINIA CHAPTER 


The April meeting of the Western Virginia Chapter #81 oe 


AILE took place on April 9, when 30 members met at the War 
Memorial Building in Vinton, Virginia. Associate Professor R. L. 
Smith of Virginia Polvtechnic Institute led an interesting discus- 
sion on Statistical Concepts for Organizational Control. 

On May 1i4th the Chapter met at the S&W Cafeteria in 
Roanoke and heard Donald M. Loyd, Specialist of Communica- 
tions and Community Relations, General Electric Company, 
Lynchburg, present a talk on Communications. 

The Western Virginia Chapter suspended activities during the 
summer. Regular monthly meetings resumed in September. 


YORK CHAPTER 

The first annual ladies night banquet was held by the York 
Chapter on May 28, 1958. Our guest and principal speaker, Na- 
tional President, Gordon Carson, installed the new officers and 
directors for the coming year. 
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York Chapter Officers and Guest. Left to Right: Jerry Byrem, 
One Year Director; Art Wagenknecht, Two Year Director: R. 
Sheirer, Two Year Director; Jack Schofield, Outgoing President ; 
Gordon Carson, National President; Jack Sweers, Incoming Presi- 
dent; Ray Bloom, Vice President; Daniel Hess, Secretary and 
Charles Whittaker, Treasurer. 


Mr. Carson's speech, “New Frontiers of Industrial Engineer- 
ing.” highlighted the evenings entertainment. 

A stag outing for members and prospective members will be 
held by the Chapter on June 27, 1958 


BOARD OF TRUSTEES’ MEETING 


Hore. 
Los ANGELES. CALIFORNIA 
June 13, 1958 


The Board of Trustees of ALLE is the official governing body of 
your orgamzation. This group meets to conduct business for you 
twice a year. The official minutes of the June Board of Trustees’ 
meeting are published in the Journal to keep you informed of 
ALLE activity. 

President Carson called the meeting to order at 9:20 a.m. 

Attending: Gordon B. Carson, President; Frank J. Johnson, 
First Vice President; F. J. Titler, Executive Secretary; H. E. 
Emerson, Board Member; E. L. Slagle, Board Member; F. F. 
Groseclose, Board Member-at-Large; A. W. Rathe, Board Mem- 
ber-at-Large; H. T. Amrine, Vice President, Central Region; 
A. L. Chilman, Vice President, Western Region: H. L. Davis, 
Vice President, Northeastern Region; J. T. Elrod, Vice President, 
Southwestern Region: J. T. French, Vice President, Southeastern 
Region; M. E. Mundell, Vice President, Midwestern Region. 

And: J. D. Nordahl, Board Member-at-Large Elect; W. J. 
Vallette, Vice President Elect, Northeastern Region; L. J. Broyles, 
Chairman, Resolutions and Awards Committee; E. Paul Lange, 
Executive Secretary, EJC; Henry Owades, UET Representative, 
Professional Relations Committee; Don J. Olsen, Professional 
Relations Committee; Andrew Schultz, Jr.. Director of Research ; 
Gerald Nadler, Chairman, Research Information Committee; 
Howard M. Dickason, General Chairman, Los Angeles Confer- 
ence; J. L. Southern, President of Trustees of the Dwight D. 
Gardner Scholarship Fund; Vernon D. Foster, Director of Na- 
tional Programs. 

1. Minutes of the August 24, 1957, Board of Trustees Meeting 
were approved as presented. 

2. The Dwight D. Gardner Scholarship Fund—Mr. J. L. South- 
ern, President of the Trustees of the Dwight D. Gardner Scholar- 
ship Fund, made a report on the organization and operation of 
the fund. He outlined how the fund was started, the progress 
made to date in collecting money and outlined what constitutes 
eligibility to receive scholarships. He said that it is planned to 
grant a scholarship this year. He ended by making a plea that all 
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members and friends of AIIE denate to the fund by sending 
checks to the AILE National Headquarters Office 

3. United Engineering Center—Mr. Henry M. Owades, Director 
of United Engimeering Trustees Affairs for the Professional Rela- 
tions Committee, reported on the history of the proposed building 
and explained the need for and some of the problems having to 
do with obtaining the 501 (c) (3) tax classification. Messrs. Rathe 
and Lange assisted in answering questions regarding the progress 
made im obtaining the required tax classification, the situation 
with regard to the building and EJC’s progress in obtaining the 
same tax classification. 

4. Fund Raising for UEC—President Carson opened the sub- 
ject by mentioning the action of the Executive Committee at its 
meeting on May 17, 1958, which reads as follows 

That the Executive Commiuttee authorize the starting of plan- 

ning for the fund raising campaign, this to be implemented 
after the acceptance by the Executive Committee of a 
Letter of Intent” from the United Engineering Trustees. 

He explained the reason for the “Letter of Intent” by saying 
that there were two points on which the Executive Committee 
had had some reservations: 1. A guarantee of AILE’s continuous 
occupancy of the building and 2. Provision for AIIE to have a 
voice in the management of the building after it is completed 

The UET have assured us by letter that such a “Letted of 
Intent” will be furnished covering these two points. 

After much discussion it was moved by Mr. Slagle, seconded 
by Mr. Davis and passed that “we immediately initiate a fund 
raising campaign for the UEC, such campaign generally to fol- 
low the recommendations of a consulting firm.” 

5. Constitutional Amendment—Tazr Classfication—Mr. Titler 
reported that Gen. Dargusch, who is our attorney handling the 
tax classification problem, has pointed out the need for a change 
in the “purposes” clause of our Constitution and By-Laws to make 
it possible for us to obtain this classification. He distributed copies 
of Mr. Dargusch’s recommendations for a revision to our Consti- 
tution and By-Laws for this purpose. 

Questions were answered by Mr. Lange and after considerable 
discussion it was moved by Mr. Johnson, seconded by Mr. Davis 
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and passed that the “Proposed Amendment be approved by the 
Board of Trustees and submitted to the members for a vote.” 

6. Space for AHLE im the United Engineering Building—Mr. 
Titler reported that the UET would require by July 15, 1958, a 
definite statement of the space that we will require in the new 
building for the pernod 1960-75. Since the space we require will 
be allotted to us when we first occupy the building in 1960 it 
would be necessary for us from that time on to pay rent on the 
basis of the requirements for 1975. 

To determime as accurately as possible from the figures avail- 
able for past operations and by projecting our expected growth 
to 1975 a study made by National Headquarters to provide figures 
for the consideration of the Board. He explained the several 
calculations which were used to determine our space requirements 
showing that they will increase year by year until 1975 when 
2450 sq. ft. will be needed. This figure was presented as a recom- 
mendation of the Head quarte rs office for submission to the UET 
It was seconded by Mr. Emerson. After thorough discussion and 
an amendment by Mr. Davis which was seconded by Mr. John- 
son, the following motion was passed: “That we merease the 
recommendation of National Headquarters from 2450 sq. ft. to 
2800 sq. ft. and that the latter figure be reported to UET as our 
requirments for 1060-75." 


7. Chapter Development Program—Mr. Johnson made a short 


report on this amd the rank Cjroseclose award which 
was awarded to the Great Sait Lake Chapter. He moved that 
“The Board recommend to the Editoral Board of the JOURNAL 
that a pieture of the Frank Groseclose Award Plaque be inserted 
in the JOURNAL.” Motion 

Adiverteang in the JOURNAL 


President Carson reported on 


the progress that has been made with Dwight Early and Sons 
toward getting an active campaign started to acquire advertising 
for our magazine. 

Mr. Gordon Early will start a field trip for this purpose about 
July 1, 1958. His trips incur an expense of $200.00 per issue of the 
JOURNAL which is in effect a drawing account. As soon as the 
sales of advertising result in commissions exceeding $200.00 this 
payment will drop out and we will pay him only for the com- 
missions earned. 

This campaign is to be handled in a very careful and dignified 
manner in keeping with the quality of our JOURNAL. The maxi- 
mum amount of advertising has been limited by the Board of 
Trustees to 25°¢. However, it is not expected that this figure will 
be reached in the near future as a great deal of promotion work 
will be necessary to interest sufficient advertisers. 

9. Listing JOURNAL in the Industrial Index—Mr. Elrod asked 
where we stand in regard to having the JOURNAL listed in the 
Industrial Index. Several of the members reported that their 
latest information indicated that our listing would be given fav- 
orable consideration in the next publication of the Jndez. 

10. Revision of Constitution of EJC—Mr. Rathe introduced 
the subject by explaining that the need for a change in the EJC 
Constitution involved tax classification, EJC’s incorporation im 
the state of New York and a change in the representation of the 
constituent member societies of the EJC. He said, however, that 
there would be no change in the operating purposes of the EJC, 
and answered questions concerning the use of the title “Engimeer- 
ing,” the liability of AIITE and other constituent societies under 
the new Constitution. 

It is necessary that the governing boards of three-fourths of 
the constituent societies approve this Constitution before it can 
he effective. Accordingly, Mr. Rathe then moved that “The Board 
approve the proposed EJC Constitution.” It was seconded by 
Mr. Mundell and passed. 

11. American Institute of Plant Engineerrng—The subject or- 
ganization has applied to EJC for membership. President Carson 
said that this is an organization of approximately 1500 members 
on & national basis. They are engineers responsible for the me- 
chanical maintenance, control and layout of plants and equip- 
ment. Their Constitution and membership requirements were re- 
viewed by the EJC Membership Committee which approved the 
organization for membership and so recommended to the Board. 
Mr. Rathe moved that “The Board approve the recommendation 
of the EJC Membership Committee.” It was seconded by Mr 
Johnson and passed. 

The Board of Trustees recessed for luncheon. 

The meeting of the Board resumed at 1:30 Pp... at the call of 
President Carson and business was continued. 

12. Membership Report—The Executive Secretary, referred to 
the published report carrving the membership figures and called 
attention to the total of 6.709 regular members. This figure in- 
cludes, however, approximately 700 names which will be dropped 
for non-payment of dues. 

He reported that membership applications are still comimg in 
in large numbers. Applications are screened at Headquarters so 
that only 35%, on an average, are now being sent to MQC. The 
report was received. 

13. Financial Report—Mr. Titler called attention to the total 
income figure of $94,674.00 as against a budget for the vear of 
$101,610.00. The expense sheet showed a total of $58,082.00 for the 
year as against a total budget of $101,610.00. 

While we are in good financial condition it must be remem- 
bered that during the remaining portion of the fiscal vear income 
will be relatively small while expense will remain fairly con- 
stant, so that by the end of the fiscal year expenses and income 
will be more nearly in line with the budget for these two accounts. 


The report was received. 
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14. Fellow Awards—Mr. Broyles, Chairman of the Resolutions 
and Awards Committee, was called on to present his report. He 
said that the time between the appointment of his committee and 
the meeting had been too short to do full justice to the work. 
The committee, however, was able to screen all the applications 
that came in—a total of six. Of these, two individuals were recom- 
mended to receive the award. 

Before completing the voting on these two names there en- 
sued a lengthy discussion regarding the whole procedure of se- 
lecting fellows. It was pointed out that among the fellows elected 
im previous years there are two types of individuals: those who 
have many long years of outstanding service to the profession 
and those who are strictly honorary in nature. It became evident 
during the discussion that the difficulties we have encountered 
during past years stem from the fact that we have no specific 
definition for fellow and that there is probably a definite need 
for two levels or grades—an honorary grade and another grade. 
In view of these conditions and the lack of proper guides for 
selecting fellows it was felt that no selection should be made until 
definite procedures and guides had been developed. Accordingly, 
Mr. Mundel moved that the Board table the recommendations of 
the Resolutions and Awards Committee. The motion was sec- 
onded by Mr. Rathe and passed. 

Mr. Broyles then presented a recommendation for a review of 
Section 2D of Article IV of our Constitution which provides for 
the selection of Fellows. After thorough discussion of his recom- 
mendation it was moved by Mr. Johnson, seconded by Mr. Chil- 
man and passed that we return the proposal to the Committee 
on Resolutions and Awards for further study. 

15. Committee on Engineering Standards—Mr. Rathe men- 
tioned that a brochure by the Society for the Advancement of 
Management announces that their organization offers as a service 
the establishment of Industrial Engineering standards. 

It was the consensus that this activitv should be a function of 
AIIE and it was recommended to the new President that he give 
serious consideration to establishing a group for that particular 
service. 

16. Regional Boundaries—Mr. Johnson reported on the results 
of his study of the areas serviced by the several Regional Vice 
Presidents. At various times questions have been raised by these 
officers as to how properly to handle those regions where the 
number of chapters has increased greatly and where traveling 
distance is great, making visits to all chapters difficult and the 
correspondence a considerable burden. 

By reviewing the present and projected numbers of chapters 
throughout the country, Mr. Johnson's solution indicated that 
the number of regions should be increased from six to ten with 
new boundaries for several of the existing regions. A change of 
this kind was thought to be adequate for the next ten years. 

The presentation was for information only, action by the Board 
not being required until the October meeting. 

17. Site for the 1960 Conference and Convention—Following 
the usual procedure, President Carson called upon representatives 
from chapters who were bidding for the 1960 Conference and 
Convention to make their proposals. Representatives of the fol- 
lowing chapters reported: Chicago, Dallas-Ft. Worth, Detroit and 
Metropolitan New Jersey. 

Ballots were passed and, after counting, the Dallas-Ft. Worth 
Chapter had been selected. 

18. Papers by AILE Members at Chapter Meetings—Mr. Mun- 
del asked the serious consideration of Regional Officers toward 
encouraging chapters to devote at least some of their meetings to 


papers by members of the chapters. These should cover projects 
in progress or completed projects which would be of interest to 
the membership. 

19. Research Committee—Mr. Schultz, Director of Research, 
mentioned some of the items his subcommittees have been work- 
ing on. He then raised a question regarding the papers which have 
been given at our National Conferences expressing the feeling of 
his committee that the programs presented have not carried suffi- 
cient technical sessions. He mentioned that several members of 
his committee have had a great deal of experience in setting up 
technical sesmons and that this experience should be of value to 
the Program Chairman for future conferences. He moved the 
passage of the following resolution: “The Research Committee re- 
affirms its request for a tie-in between the Director of Programe 
of the National Conferences and the Research Committee.” The 
motion was passed. 

20. Miscellancous—Mr. Johnson, First Vice President, heme 
g ven the floor, made the following motions which were duly sec- 
onded and approved: 

1. That it be a poley of AIIE that the Keynote address at 
each National Conference be given by the National Presi- 
dent. 

2. That pictures of all those who have been National Presidents 
of AILE be obtained, framed and hung at National Head- 
quarters. 

3. That we establish a master schedule for chapter visits by 
National Officers to prevent overlapping 

4. That in view of the large potential source of income in- 
volved, AIIE establish a policy of having National Head- 
quarters handle the sale of booths at the National Confer- 
ence providing that in the opinion of our attorney such 
action would not conflict with the 501 (c) (3) classification 

President Carson said that it would be in order for the Board 
to commend the Los Angeles Conference Committee on the fine 
job it had done. A vote was taken and the recommendation was 
approved. 

Mr. Slagle moved that “The manner of presenting the annual 
report this year constitute a policy for future years.” Seconded 
and passed. 

There being no further business, President Carson made the 
following statement before adjourning the meeting: 

I would like to thank all of you for your cooperation during 

this last vear. I have enjoved working with every one of you. 

I can assure you that a one-year term in office is plenty. I hope 

you don’t change that. If there is nothing else, we will adjourn 

Thank you. 

Adjournment—3 :30 PLM. 


CONFERENCE AND CONVENTION 
The Tenth Annual National Conference 
and Convention of AITE will be held: 
Atlanta, Georgia 
Hotel Biltmore 
May 14, 15, and 16, 1959 


“Y'all Come” 
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AUTOMATION 

“Punched-Tape Control Neu Typ Transter Line, by 
Staff. mon ack. page 106, March 20, 1968 

An clectronieally-controlled machine line, eepecially de- 
signed to bring automation economics to «mall and medium lot 
production, was unveiled last wee kom Los Angeles 

rtialthy consists of puarate T “building hlock” 
units: one each for milling, dnlling and bormg. Each performs 
its machine tunetions on command trom separate Hughes 
eontrol eweuits, transfer bar links the three 
machiming stations 

The outstanding advantag of the setup om its fte sibility for 
emall-lot processing. Because each machming unit has its own 
tape control, parts can be om the line with no 
at all Within the machine limits, parts of a mide of class 
and s oun be bh anutomath ally 
‘Let Automation Give Heavy Jobs a Lift” by Staff, 
page 105, March 20, 

Cong all the wav to automation is out ot the qytle stron im many 
a initial investment may be prohibitive And there ma’ 
he other limitations. But often even a heavy shop can cut costs 
and boost production by limited adoption of automation 
niques 

A leading manufacturer of railway equipment apples this reas- 
oning tr = lected when replacing obsolete muipment A 
prime dlisctissed in thee article, ma hew machine to do 
tough bormg job on car wheels 


“Automation Works on Short R in.” by Edjtors, mon AGE, page 
March 20, 

Automation in manufacturing is often thought of as welding a 
company toa rather onfle 

It ix common behef in industry that product runs must be 
long to justify heavy investment in automatic equipment Com- 
panies who make several similar products, but in short runs, are 
especially inclined to think this was Adaption to automation can 
be more a matter of product design and engmeering than it ts of 
product differences and short runs 

A good example of how one company tackled and solved the 
problem of making gasoline and diesel engines on the same auto- 


mated line disctissed in t article 


GENERAL 

rlocked formals Be na, by J Re and 
J A. Brooks, CHEMICAL AND ENGINEERING NEWS, jrige May 34, 
1968 

The most data with the fewest tests—this is the problem eng- 
neers aml seentrsts have to face when thes plan experimental 
programs Now a new design comes to their aid. Called the inter- 
lock ug factorial design (all combinations of variables and levels) 
Yet it keeps all the advantages of the full design, according to its 


designers 
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“Whatever Became of Mert Rating,” Anonymous, PERSON NEL, 
page 8, January-February, 1958. 


What's so wrong with the idea of paying more for better work? 
It’s high time, says the author, to revive this dying concept. 

The author examines, first, how merit rating came into being; 
second. what factors have contributed to its downfall; and, finally, 
what we could do to save the life of a sound and usable concept? 


“Setting Salary Standards for Executive Jobs,” by E. N. Hay, 
PERSON NEL, page 63, January-February, 1968 

Traditional job evaluation plans have generally proved unsuc- 
cessful in rating executive jobs. Here is an account of the thinking 
behind a method specifically designed to establish correct salary 
relationships at the higher echelons of management. 


“Design for Hearing.” by J. D. Vandenberg and C. T. Gold- 
smith, MACHINE DESIGN, page 114, May 14, 1968 

In the man-machine system, hearing ranks second only to 
vision as an information gathering sense. But, as a human-factors 
problem, hearing—or, more specifically, noise—often outranks 
vision, particularly since high-level nome can damage the ears, or 
cause aceidents through interference with voice communication 
or warning signals 

When hearing effectiveness becomes a design problem, the first 
concern of the human-factors engineer is to make use of the ear’s 
known characteristics to recommend tolerable note levels. pre- 
ferred pitch of agnals, and best methods for carrying out intellig- 
ble verbal communication. Paralleling these efforts in the human- 
factors area are the familar techniques for reducing the mtensity 
of the offending noiwe source or for isolating and shielding it. 


“Job Planning Halves Maintenance Time,” by Steff, cuemicar 
week, page 51, February 15, 1958. 

Most firms have always had some sort of planned maimtenance 
program to combat imereasing labor and material costs, and for 
keeping process downtime to a minimum. This article affords an 
opportunity to compare effectiveness of maintenance programs 
with that of a program of Canadian Industries Ltd. 

Kev to the program is the preplanning of maintenance jobs 
down to the smallest possible detail. This planning provides the 
worker with a complete step-by-step rundown of job operations, a 
list of the materials, tools and equipment needed and the safety 
precautions to be observed. Also included: the amount of time 
required for the job. 

The program is aimed at maximum utilization of labor. But it 
is not an incentive plan. The men are not asked to work harder 
or faster 


“Man and Machine,” by J. D. Vandenberg, MACHINE DESIGN, 
page 108, April 17, 1968. 

Presented here is the introductory article of a series organized 
to provide a human-factors background for the designer contend- 
ing with human limitations and capabilities. Emphasis centers on 
defining areas of human-factors activity and showing how these 
areas fit into the overall design picture. In following articles, 
attention shifts to more specific topics. Among these are vision 
and its effect on display design, hearing, muscular performance, 
and body dimensions, all considered in their relationship to man- 
machine system efficiency. 


QUALITY CONTROL 


“Reliabihty and the Qughty Control Engineer,” by R. G. Fitz- 
gibbons, INDUSTRIAL QUALITY CONTROL, page 13, May, 1968. 

The purpose of this article is to acquaint the reader with «a new 
field of industrial endeavor called Reliability. In this article the 
author reviews the reasons for such a new field, explains its 
methodology, and describes in what respects it is similar to, and 
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in what respect it iw different from quality control 


“The Technical Aspects of Quality Control,” by C. A Bucking. 
INDUSTRIAL QUALITY CONTROL, page 5, March, 1958. 

This articie discusses the general problem of the various steps 
the QC engineer must go throug) to establish routine control 
over an industrial operation. 


“The Mechanical Lot Plot by E. W. Ellis, INDUs- 
TRIAL QUALITY CONTROL, page 15, March, 1958 

The lot plot templet machine was designed by the author to 
eliminate the laborious calculations normally required for lot- 
plot acceptance sampling methods. He feels that now lot-plot 
can be really competitive with attributes plans. 


“An Application of Variance Component Analysis in the Tran- 
sistor Industry.” by R. W. Anderson and A. W. Wortham, 1s- 
DUSTRIAL QUALITY CONTROL, page 11, March, 1968. 

Analysis of Variance, customarily used on experimental data 
to determine the major sources of variation and their interac- 
tions, is applied to a slightly different problem. Here it is used to 
analyze the magnitude of the effect on performance not only of 
individual transistors but also their combined effects in a receiver. 


“Audit Testing: A Sound Investment,” by C. W. Carter and 


L. C. Paulson, 1NDUSTRIAL QUALITY CONTROL, page 8, March, 1958. 

In papermaking routine testing at various stages of processing 
controls the finished quality and errors in these tests are costly 
Errors are also fairly easy to make, so to avoid the expense of 
multiple tests, audit testing is suggested as an economical and 
highly satisfactory method of assuring the reliability of the routine 


tests. 


MATERIALS HANDLING 


“Space Platform Protects Fragile Equipment,” by -G. Haskins, 
MODERN MATERIALS HANDLING, page 108, April, 1968. 

A new pack for fragile electro-mechanical equipment features a 
floating platform within the pack to successfully eliminate ship- 
ping damage. Assembly time for the pack is 30 man-minutes com- 
pared with 6 man-hours for its predecessor. Tare weight is cut in 
half, and one standard size replaces 25 crate sizes 


Vechanzed Mail Handling,” hy Editors, MACHINE DESIGN, 
page 22, May 14, 1958. 

In 1956, an estimated 48 billion pieces of letter-mail passed 
through the United States postal system. The trend continues 
upward—exponentially. 

To manage this mountain of mail, the Post Office acknowledges 
that the day is long gone when manual methods were adequate. 
The speed of mail in transit has been stepped up by modern 
vehicles, and all kinds of machines now move mail in bulk. Indi- 
vidual pieces of mail present more stubborn problems, and today 
designers are hard at work to mechanize unit handling. 


ORGANIZATION 


“Reappraisal of Appraisals,” by P. R. Kelly, uanvarp pusiness 
review, page 59, May-June, 1958. 

The author argues that an executive’s performance depends 
not on his own efforts a'one, as so many apprarmal “Vetems soem 
to assume, but also on factors largely within the control of man- 
agement. “The manager is not only a coach but also an adminis- 


trator,” the author writes, “and in both capacities his success is 
reflected in the performance of subordinates.” The manager should 
not, therefore, try to appraise a subordinate in isolation. He 
should also appraise the influence of the organization—and of 


himself. 
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“Setting Up and Maintaiming an Effective Job-Title Program,” 
by D. D. Cantor, ner, pege (2, December, 1967 


Job Titles 
personnel department—are more and more bemg recognized as a 


once looked its the exclusive of the 


general management responsilility 

A job tithe svstem that wall quickly prove its worth om better 
organizational effectiveness, salary administration, and emplovee 
morale ean be established, suvse the author, bey following these 
basic principles: 

1. Titles should clearly mdicate the field of activity and the 


relationsiup of the job to that field 


2. Tithes must be uniform throughout the organization 
3. Titles must be kept current 
4. All jobs which are composed of basically the same or similar 
responsibulties should carry the same tithe 
BOOKS 


AUTOMATION IN BUSINESS AND INDUSTRY, by M. 
Crrabhbe. The Ramo-W oold rida (‘orp vill publish by 
John Wiley & Sons Inc... 40 Fourth Avenuc, New York 16, N - 

This book contains information on the fundamentals of auto- 
mation, new developments im automation techniques, and de- 
scriptions of automation svstem appleatrons 

The material shows how the fields of feedback-control theory, 
instrumentation, analog and digital computatron, and data proc- 
essing are becoming integrated as automation is apphed. Emphasiw 
is placed on those applications of control systems which can per- 
form both complex control functions and electromie data process- 


ing 


Smith, 69) pages, 


FEEDBACK CONTROL sysTEMSs, by J. M 
published by McGraw-Hill Book Co. Inc. 336 West 
New York 36, N.Y... 813.50. 

Here ws a unified procedure for covering the analvsis and de- 
sign of all typ® of feedback systems. This book presents the re- 
lationship between the open-loop transient, sinusoidal, or statisti- 
cal response. and the closed-loop tranmsent, simusondal, and statis- 
tical responses lt aw shown how from anv one of thes Six 
responses, the other five can be computed 
linear analysis, linear nt hesps, 


Four major section= cover 


steadvstate nonlinear analveis. and nonlinear «vnthesm 


MODULAR MANAGEMENT AND HUMAN Leapersnip, by Frank 
per, Methods Press. Bar a polis lj. Ind 


At 


pages, 


The author believes that this book, for supervisors and fore- 
men, will settle the meue of whether autocratic or democratic 
methods are better for work leadership because he shows how 
both are necesxary and how each should be used for different 
people and different situations. Mr. Pieper condemns tricky hu- 
man relations techniques that manipulate people and he recom- 


mends honest, aggressive leadership. 


tier, 
330 West St... New 


MANAGEMENT For ENGINEERS, by Roget C 3 pages, pub- 
lished by McGraw-llill Book 
York 36, N.Y... 86.746 

The purpose of this book is to familiarize engimeers with man- 
agement decision-making processes, It set« forth dav-bv-<lav work- 
ings of a business firm both as an economic imstitution and as a 
co-ordinate organization of individuals. It considers the impact 
of costs, standards, equipment, and ethics upon engineering de- 
cisions 

Topics include the professional engineer defined, engineering 
ethics, professional recognition, Organization purposes, partner- 
ships, contracts and policies, operating standards. line and staff 
objectives, and prerequisites to decision making 


Volume IX No. 6 


AL TOMATIOON VEAN hey Jame Ie page a, 
publi head avelable from room sea ch. Harvard 
Busness School, Soldiers Field. Boston 63. Mass.. $1000. 

This entore study has been direeted toward answerimng the ques- 
tion of whether highly automat mantiinettring have 
Three 


manor sectpon= of the book eover the nature of automatic manu- 


facturing, expenences with mechanization, and ertical areas of 

Contents melide evolution of automation, qualities of mechanm- 
thirteen automation amd backgrounds and 
techniques, conception and design of automatron svstems, mam- 
tenance and management of downtime, ma with personnel, 
and of on stiles, A final chapter up ten 
significant trends of current automation and thew effeets on the 


factors 


TOWARD THE FACTORY OF THE FUTURE, SPROTAL REPORT No. 2S, 
96 pages, published by and available from American Management 
Association Ine 1515 Broadway, Times Square, New York 38. 

N.Y... 81.74 pe 


This is intended to help management 


copy to me mhers, 8240 per copy to nonime 


prepare tor a smooth transition from present to future techniques 
and faciites of manufacturing operations. It offers managers a 
guide by which advancements of ther own can be 
measured ond ands om establehing goalx for further progress 
Popes clisetissed ith thy nae of change. mamtenance 
operations mm the tactory of the future, research and development. 
the purchasing agent of the future, impact of atomic energy on 
production processes, automation for the smaller COMmpany, amd 


developing tomorrows leaders 


SAMEPRL \MERICAN sTaTesMAN. by Florence Calvert 
Thorne. Philosaphical Library. New be 164, 
An of Samuel Gompers’ philosophy of umonmem by 
one of his confidential staff assistants. The book imeludes his 


175 pages, 8326. 


views on executives’ voluntansm, collective 
bargaining, and jurmcietional disputes as well as on diserumimnation, 
regimentation, and non-partisan political action. Liberal use 
made of Trem speeches, arte les, amd testumonv before 


congressional and governmental committees 


STUDIPS IN THE MATHEMATICAL THEORY OF INVENTORY AND PRO- 
peeTION, fry Acnneth J Arrow. Samuel Karlin and rhert Seart. 
Stanford lUniversaty Press. Stanford. Californa, 1968, tif) pages, 
745 

An excellent and extensive treatment of the mathematical ap- 
proach to inventory control, but rather deep for the non-mathe- 


matical 


QUEUES, INVENTORIES AND MAINTENANCE; The Analysis of Op- 
erathonal Systems with Variable Demand and Supply, hy Philip 
M. Morse, John Wiley & Sons, Inc, New York, 1958, 202 pages. 
$A 40) 

The first of a senes of OR books sponsored by the Operations 
Rese arch Somety of Amenea, and the first book to present an 
extensive treatment of queueing theory. It will serve as a valu- 
albole handbook to those m«dividuals ing the queueing approach 


ree PEDINGS OF THE FIRST IN TRR NATIONAL CONPERRENCE ON OPERA- 
TIONAL ARE TT prublishe d for the 
CORSA. Baltimore, 1947, 4% purges At 


Conference Committee by 


Proceedings of the first international conference devoted to op- 
erations research, held at Oxford, England, on September 2-6, 1957, 
attended by 250 delegates from 21 countries. Included are the 


presentations and discuss on summaries 


November—December, 1958 


FINITE QUEUEING TABLES, by L. G. I’eck and R. N. Hazelwood, 
John Wiley & Sons, Inc., 1968, 210 pages, $8 50. 


Intended to provide useful tables for the solution of a wide 
variety of queuemg problems for finite populations from 4 to 
250. The second m the OR series, sponsored by ORSA. 


THE DIRECTION OF RESEARCH ESTABLISH MENTS, Philosp phical 
brary, New York, 1967, 812.09. 

The twenty papers and a summary of discussions of the first 
International Symposium on the Direction of Research Estab- 
hshments held at the National Physics Laboratory, Teddington, 
England, on September 26-28, 1956. 


TOP MANAGEMENT DECISION SIMULATION, fhe American Manage- 
ment Association, New York, 1968, 126 pages, 8450 ($3.00 for 
members). 

The AMA top management decision game has been designed 
to prov ide conditions under which a few hours of concentrated 
decisson-making, under pressure, will equal vears of actual expen- 
ence. The book outlines the nature of management decisons, the 
use of system simulation, and the development and use of their 
decision simulation model. 


PLANT ENGINEERING Ppractic®, by the editors of Plant Engineer- 
ing, Dodge Books, New York, 1968, 704 pages, $18 50. 

A practical and comprehensive handbook covering the major 
areas of plant engineering activity. Two hundred twenty-six de- 
tailed studies are organized into 13 sections: Site and Layout, 
Construction, Housekeeping and Safety, Maternals 
Maintenance. Paimts and Protective Coatings, Mechanical Power 
and Piping Systems, Electric Power, Utilities, Lighting, Heating, 
Ventilating and Air Conditioning, Instrumentation and Qualhty 
(‘ontrol, and Shopwork. Well illustrated. 


LINEAR PROGRAMMING & EcoNoMIc aNatysis, by Dorfman, 
Samuelson & Solow. McGraw-Hill Book Ca. New York, 18, 
525 pages, $10.00. 

A general exposition of the relationship of linear programming 
to standard economic analysis, starting with basic concepts and 
progressing into advanced considerations. 

BASIC «MOTION TIMESsTUDY. by Batley & Presgrave, MecGraw- 
Hill Book Co., New York, 1968, 224 pages, $5.00. 

A rather complete exposition of BMT, its development and 
use, presented by the men who originated this particular system 
of predetermined motion-time data. 


ENGINEERED WORK MEASUREMENT, by Aarger & Bayha, The 
Industral Press, New York. 1957. 630 pages, 

An extensive presentation of Methods Time Measurement 
MTM and time and motion study are treated as complementary 
svatems within the broad framework of establishing and using 
performance standards. 


HUMAN ENGINEERING, by BE. J. McCormick, McGraw-Hill Book 
(‘o.. New York, 19657, 447 pages, 88.0 

Written primarily for engineers and managerial personnel, this 
introductory book covers the field of human engineering—the 
design of equipment and the adaptation of work environment for 
optimum human use 


THE ADMINISTRATIVE hy Robert H. Roy. The Johna 
Hopkins Press, 1968, 238 pages, $510 


An interesting presentation of an Industnal Engineer's (and 


The Journal of Industrial Engineering 545 


| 


an administrator's) views of many assorted management prob- 
lems. Food for serious thought—for the Industrial Engimeer and 
management people. 


PARKINSON'S LAW—AND OTHER STUDIES IN ADMINISTRATION, by 
C. Northcote Parkinson, Houghton Mifflin Company, Boston, 
1967 , 118 pages, 83.00. 

An unusual and humorous treatment of the inefficiencies that 
develop within many organizations. 


OPERATIONAL RESEARCH IN pPrRaAcTice, edifed by Maz Davies & 
Michel Verhulst, Pergamon Press, N.Y ., 1958, 201 pages, $12.00. 


A compilation of papers and discussions presented to the NATO 
Conference on Operational Research, Paris, April 7-12, 1957. An 
account of what O.R. can do, how various techniques have been 
applied to specific problems and groups of problems, and an ex- 
tension to civilian and industrial applications. 


A COMPREHENSIVE BIBLIOGRAPHY ON OPERATIONS KESFARCH, by 
Operations Research Group, Case Institute of Technology, John 
Wiley & Sons, Inc.. N.Y... 1958, 188 pages, 86 50. 


Bringing you 
needed design facts and 
technical data on today’s 


engineering materials 
In this handbook you will find almost 2,o0 
pages of answers to both routine and 
unusual problems that crop up whenever 
enginecring materials are being selected. 


Technical tables, design information, 
structural characteristics, and tabular 
data—a wealth of useful and specific facts 
—are made quickly available. 


Just 
Out! 


ENGINEERING MATERIALS HANDBOOK 


Edited by CHARLES L. MANTELL, Consulting Engineer 

Newark College of Engineering. 1906 pp., 648 illus., $27.50 

Each of the 43 sections was prepared by one or more spe- 
cialists. A staff of 150 of these experts cover metals, organic 
materials, and inorganic materials. Emphasis is placed on 
the fabricated forms of materials, their physical and me- 
chanical properties, their adaptations, limita- 
tions, competition with each other, protection against de- 
terioration, and increase in their stability to withstand use 
and abuse. 

In line with today’s needs, the Handbook covers such 
items as the uncommon metals which are rapidly reaching 
commercial importance and production, and the materials 
of construction of apparatus for control and utilization of 
atomic forces and fission products. 


Order from 
Journal of Industrial Engineering 
A. French Bidg., 225 North Ave., N.W. 
Atlanta 13, Georgia 


An extensive bibliography listing all known material on O.R. 
through December 1957, including approximately 3,000 books, 
articles, reports, proceedings, and 40 specialized bibliographies 
No. 4 in the ORSA Publications in Operations Research series. 


HANDBOOK “OF AUTOMATION, COMPUTATION & CONTROL, | olumes 
1, 2 and 3, edited by Eugene M. Grabbe, Simon Ramo & Dean E. 
Wooldridge, John Wiley & Sons, Inc., N.Y., 1968, 817.00 each. 

A most valuable reference series in an important field. Volume 
1 concentrates on Control Fundamentals, including sections on 
General Mathematics; Numerical Analysis; Operations Research ; 
Information Theory & Transmission; and Feedback Control. 
Volume 2 concentrates on Computers and Data Processing, with 
sections devoted to Computer Terminology; Digital Computer 
Programming; The Use of Digital Computers and Data Proe- 
essors; Desgn of Digital Computers, Design and Application of 
Analog Computers; and Unusual Computer Systems, Volume 3, to 
be released early in 1959, will include sections devoted to Systems 
Engineering; Manufacturing Process Control; Chemical Process 
Control; Industrial and Military Control; Servo Components, 


Sensors, and Transducers; and Design of Components 


Just 
Published 


MANL/A 


CONTROL ENGINEERING 
HANDBOOK 


Edited by Byron K. Ledgerwood and the 
Staff of Control Engineering 


Large size 8'4 x 11 pages, 200 illustrations, $7 


HIS practical working manual brings you step-by-step practices 
and procedures on all aspects of control engineering and design. 
You are guided every step of the way through system specification, 
synthesis and analysis, and evaluation. You get 
a complete run-down on pneumatic and me- 
chanical control-function generators, servo wir- 


Authoritative 


Drewn from articles 
thet appeared in 
Control Enginecring, 
thie manual helps 
you benefit from 
the experience end 
know-how of experts 
from many ieeding 
companies in this 
held. 


ing design, ac analog computers, and non- 
linearities in control systems. Covers control 
systems engineering in both modern industry 
and the military, from the basic fundamentals to 
putting systems into actual practice. 


Order from: JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W. 
Atlanta 13, Georgia 
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WHAT IT Is 


The LE. Opportunities service is a functional committee ac- 
tivity of the AIIE. Information concerning employment oppor- 
tunities is collected on a nationwide basis and is provided without 
charge to members upon request. The committee is composed of 


members from the Columbus, Ohio chapter 


SERVICES PROVIDED 


Current job openmgs are published un condensed form im each 

In addition, a monthly Opportunities Bulletin supphed 
to over seventy chapters located throughout the United States 

Each job opening ws assigned a “P” number for identification 
The med of the for additional 
information cones rning a spect TL opening i sent to thembers 


rheatune address person to contact 


On request 


EMPLOYERS 

Emplovers having openings for quahfhed Industrial Engineers 
(C,overnment agences and educational in- 
ind industry are urged to take 


are mvited to het them 


stitutrons as well as buses. 


advantage of this free servic 
Industrial Engineers are often emploved im such fields as Work 


opportunities 


For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industral Engineering 
background will be of value. 

To list your job openings with the Opportunities Service, send 
all or part of the following information with the name of your 
contact man to the address below: Type of industry, location, 
job classifications, minimum educational and expenence qualifica- 
tions, and salary range. 

This information will be publicized to the members in con- 
densed form in the Jougnat and in monthly chapter Bulletins. 
(‘ompany names are not shown. 


MEMBERS SEEKING JOB OPPORTUNITIES 


The following list shows job openings available just prior to 
press time. If you would lke more information about one or more 
of the positions listed, mail the “P” numbers with vour name and 
address to the Opportunities Service at the address below. The 
Service will advise vou by return mail of the name and address 
of the person to contact for further information, or advise you if 
the position is no longer available. Your name will not be for- 
warded to the company with the job openime 

For more current listings, contact vour local Chapter Secre- 
tary or Opportunities Chairman for the latest monthly Bulletin. 


ADDRESS OF THE SERVICE 


L. Opporru Nirres Service 
Amenecan Institute of Industral Engineers 


Meastirement, Production Control, Plant Engineering, Opera- 145 North High Street 
tions Research. Industrial Relations, Sales, and Management Columbus 15, Ohio 
INDUSTRIAL ENGINEERING OPPORTUNITIES 
Salary Qualifications required 
Position 40b classification number 
| Industry, location Travel’ (Ree key) Ranee in alan: degree range 
| $1,000 req. | exper. from to 
1 Consult x Broad 7-10 38 
Warehouse NJ 
? Aie Peres oO 11, 13, 42, 31, 38 
Mig Mo 
23 Education NY 10, 50 6 10 
31 Paper Mill Wis 11, 45, 80, 70, 32 1-5 30 
44 (Consulting - x 30, 40, 53. 71 4 27 
41 (‘onsulting x 10, 21, 31 5-7 
72 Airline i 70, 42, 43 
7 Mining & Smelt NM 10, 20, 30, 40 69 45 
Foundry (al 
as Foundry itl 15 a4 5 25 40 
119 Paper (ia 10, 20, 30, 42, 43, 53 6.0-7.2 
123 Printing NY 49,53 2-4 
145 Lithography Vt 31 2 
155 blectronics Texas 11,13 3 
167 Weapons Systems Wash DC Ph.D 
172 Power Shovels a, Wiee, lad 11, 13, 21, 32, 39 i 
181 Bidg. Maint. Mich 31, 38, 48 
107 Aircraft Wash LE. #11 2 25 40 
108 Paper Converting Mo 11, 13, 19, 71 5 #0 
lov Govt. Ageney Panama Engr. Trai 5.6-6.7 20 
200 Electronics Texas 11, 31, 33, 35, 38, 54, 70 7.2-0.6 ss 
202 Electronics Texas 11, 19, 33, 34, 38 6.5-8.0 ho 
203 hlectromics Texas 11, 19, 38 7.2-8.6 
200 Coneulting 1-NY x 51, S52 9.0-15.0 
210 Mig NY, NJ, Pla, Cal, Ul 54. 5O (Mili ) 10.0-15.0 
213 Aireraft Repair & Mod. Cal _15. 32, 42, 43, 44,53 7.5 2) 21 
214 Airforce Depot NY 13, 31, 40 4.47.4 
222 Education Mont 37, 51, or 54 6.5-7.5 3 24 
223 Navy Ship Repair (Juam 4-42, 44, 7.5 plus 25% 
226 Silverware NY 02-13, 21, 42, 11 10 35 
228 Navy Overseas Hases Pacific Preventa‘ive Maint. 
229 Bakery Mo, Cal 
235 Knitting Apparel NC | 10-36 5-8 3-10 
236 Printing iL 01-30, 5O 12.0-14.5 
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Quali fieations required 
Industry, location Travel! (Bee key) degree Age range 
$1,000 ape from to 
242 Elect. Mfg. Tex 91-11, 63 5 28 40 
243 Food Processing Tex 32 in Foods 6-7.5 3 25 35 
244 Steel Ind. Mich 10, 11, 13, 15, 21 ‘ §.3-5.8 0-2 23 33 
246 Paper & Bag Ala 33, 34, 35, 51, 54, 71, 
73 
247 Navy Guam 92 + 36, 42, 48, 70 8.8 3 
248 Auto Seat Covers RI x O45 12 0-180 5.10 a2 40 \ 
249 Chemicals WVa, Cal 5 25 35 
257 Chem. Proc Pa, WVa. Va 0, 21, 43 Open 145 Open 
266 Mining & Smelt. NM 10, 20, 30. 40. a1 O4 5 13 
267 Electronic Suppls & NY 10, 30, 40, 70 4.5-7.5 
268 Director of LE 43.11 2450 48 
269 Mig NY 31 18.0 
270 Rubber Housewares 0 10, 11, 13, 42, 43 7.08.0 : 2h tS 
271 Syn. Fibers & Filmes Pa. Va, WVa 1”, 20, 42, 44 os 
273 Air Force ‘tah 10 through 14 6.3-7.i 1}-2) 
274 Maint. Control 11. 18. S2. 71. 7.5-8.2 2) 
275 Maint. Control a 11, 18, 52, 71 . 4.44.9 0 
277 Mie. NY, Ill a1 12.0-15.0 
278 Retail Chain 0 30, 42. 43. 71 45 
279 Airline Il, Colo Cal ' 11, 13, 42, 43, 70 5.08.0 28 
281 Education Mo 10. 31 
Chemical Fla 1-19, 30-30 5 27 a3 
283 Electrical la 14, 15, 18 6.0-7.0 os } w 
284 Paper NJ 8.0 2 
286 Textile (ia 46 
287 Navy Wash 14 44, 45, 49, 53, M4, 71 7 0-8.2 2} 
288 Electronic Tex 11 7 .3-6.3 
280 Electronic Tex 70 7.2-8.2 
200 Flectronic Tex 19, 36, 38 4.23-6.2 
291 Electronic Tex 11, 13, 15, 16, 91 4-10 .0 
292 Air Force I’a 10. 11, 13-15, 18, 31 7.4 2) 22 
32, 24. 36. 71. 91 
293 Air Foree Pa 10-19. 41-47. 49. 52. 7.8 2) 22 
70-73. 00-92 
206 Research Cal 42.45, § 
297 Metal Fabricating Conn 70, | 6.07.5 1-45 25 
298 Pulp and Paper NC 35 
209 Education Mas« 10. 20. 20. 40. M.S. or Ph.D 
300 Consulting-Mfg. Nationwide 4 10, 11, 20, 31, 36, 42, 71 8.0 20.0 B.S. Prefer 7 2m is 
M.B.A 
301 M. Consulting Upper Midwest x Broad 14.0 2s 
302 Missile Production Wash 10, 30, 40, SO. 6.0-11.5 
303 Air Force Depot N\ 13, 31, 40, 91 4.4-7 .3 
304 Mail Order House W ine 15, 81, 
305 Mfg 0 11. 36 849.6 
177 Education N\ +tien. LE MLS. of PhD. 45 
306 Automotive Pa 91 7.2-10.8 7 Ww 
307 Automotive Pa 52 54. 70 46-9.6 46 
308 Automotive Pa 19. 36. 38, 6.69.6 44 
308 Automotive Pa | 15, 22. 23. 26. 28 6.69.6 46 
310 Air Lane Colo 15‘; 11, 13, 18, 51, S52 4.7-7.0 2 Open 
311 Aircraft Cal 11, 13, 15, 18, 34, 44 5 
35, 42, 43, 44, 47, 54 
71, 91, 92 
312 Chemical Colo 1. 11, 14, 36 408 os 22 45 
313 Aircraft 42, 45, 44, 34, 1S §.4-7.2 24 42 
Key to Job Clasmfcations 
No. Job Classification No. Job Classification No. Job Classification No Job Classification y 4 
10 Motion and Time Study 30 ©6Production Engineering 46 Replacement Safety Engineering 
11 Methods mupootument 31 uction Control 47 Automation 67 Suggestion Systems 
12 Suggestion Systems 32 Process Planning and Routing 45 Plant Maintenance 70 Systeme and Procedures 
13 Work Measurement and Perf. 33 Scheduling and Loading 40 Cap. Budget. Facil. Plan 71 Admin. & SpareSns Procedures 
14 34 Flow Process Charting SO) Operations Research 72 Organisation Charts and Man- 
Stop W Time Study 35 Inventory Control 51 System & Simulation with uals 
15 Std. Time ta Dev. & Applic 36 Cost Anal. & Reduction “Models” 73 Records Admin. & Form Control 
16 Predeter. Elemental Time 37 Statistical Quality Control 52 Mathematical Anal Design 
Stds 38 Budgetary Control, Standard 53 Engr. Economy Studice a1 Packaging 
18 Work Sampli Costs M« Auto. Data Proc. with Com- ®) Management and Supervision 
19 Estimating and Costing 39 Tool and Gage Design and Con- uters | Industrial Engineering Supr. 
20 Wage Payment trol 55 Market Research & Forecasting v2 Chief I. E. or Equiv 
21 Incentive Plans 40 Plant Engineering 60 Industrial Relations a3 Plant Engineer 
22 For Production Workers 41 Plant Ex pansion 61 Personnel Administration “4 Production Supervisor 
23 For Non-Prod. Workers 42 Plant Layout 62 Personnel Testing bs) Plant Mgr., Fact. Mer.. Works 
24 For Supervisory Personne! 43 Materia! Handling 63 Personnel! Training Mer. 
26 8 Job Evaluation 44 Machinery & Equipment 64 Industrial Psychology General Manager 
28 Wage Administration 45 Specif., Select. & Eval. 65 Labor Relations 
Volume IX Ne. 6 


The Journal of Industrial Engineering 


| 


“ INDEX TO VOLUME IN 
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Quest tor (‘ertamty. September October 


Abruzzi, Adam, The 
1958, 452 

Alberts. Warren fk Management of the Industral Engmeermng 
Funetion (hetober T95S J2S 

Allderige. John Desizning Control Sveteme= im Work Meas- 
urement, Januarv- February 1958, p. 66 

September TO5S 44s 

Bailey, G. B. Standards for Reading and Other Forms of Eve 

Bell Robert S.. Motivating Engineers, September-October 1958, 
426 

Bellman, Richard, Top Management Deemon and Simulation 

Best. Melvin Industrial Design, September October 1958 
bod 

Blair, Raymond N.. A Fresh Look at the Principles of Motion 
Keonomv. Januarv- February 19458, p. 3 

Bogenrief. Charles A Pechmiques of Profit Control, September 
Oetober 1968S, 366 

Brown. Productivity m Petroleum Refining, September 
(hetoleer 

Bulla. Elwood S.. The Electrome Time Reeorder A New Instru- 
teow Work Nik mtiretient it March Apnil SY 

Buflington. A. L.. Productivity m Food Processing, September 
October 1945S, p. 346 

‘arrabine, Joseph Determination of Optimum Sizes and Eeo- 
nomic Feasiinhty of Shipping Contemers Using Operations 
Analvsix Techniques, November December 1958. p. 518 

‘arroll, Phil. How to Set Up Proper Budgets, May-June 1958 
p. 200 

January-February 1958, p. 74 

Mareh- 1958, p. 135 


(ireater Produetivity, 
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